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Executive Summary

* The 216-U-12 crib, located in.the 200 West Area of the Hanford Site, is a regulated unit under the
Resource Conservation and Recovery Act (RCRA). The treatinent, storage, and/or disposal (TSD) unit, -
active until February 1988, primarily received process condensate from the 224 Building (also known as -
the UQ; Plant), which has impacted the unconfined: aqulfer ThlS document contains arevisedand
updated monitoring plan for RCRA interim status groundwater assessment site hydrogeology, anda
conceptual model of the RCRA TSD unit. Please note that source, speclal puciear and by-product
materials, as defined in the Atomic Energy Actof 1 954 (AEA) are regulated at U.S. Department of

- Energy (DOE) facilities exclusively by DOE acting pursuant to its AEA authority. These materials are

not subject to regulation by. the state of Washington. Alf information contained. herem and related to, or

- describing AEA-regulated materials and processes in any manner, may not be used 1o create condltions

of other restrictions set forth in any permit, license, order, or any other enforceable instrument. DOE

asserts that pursuant to the AEA, it has sole and exclusive responsibility and authority to regulate source,
speeial nuclear and by-product materials at DOE-owned nuclear facilities. Information contamed herein -
on radionuclides is provided for process description purposes only.

The 216-1-12 crib has been monitored.undei‘ a RCRA interim status groundwate’r assessment’
monitoring program since the firsi quarter of 1993 (Williams and Chou 1993). Specific conductance in
downgradient wells exceeded the critical miean value and triggered the assessment. The high specific
conductance is attributed to'elevated nitrate, which excéeds the drinking water standard in groundwater.
Results of a Phase I and Phaisé I RCRA assessment indicated that the TSD unit ‘was the source of the
elevated nitrate and the non-RCRA constituent technetivm-99 (Williams and Chou 1997) and interim
status assessment monitoring must continue because, under existing conditions, downward migration and

lateral spreading of these waste components from the vadose zone (and continued elevated spec1ﬁc
- conductarice in downgradlent wells} is still occurring. '

_Mon1tor1ng_under}mter1;m statys assessment is expeéted to. continue until the 2 16-U-12 crib is . -
incorporated as a chapter into the Hanford Facility RCRA Permit or administratively closed as proposed
to the U.S. Environmental Protection Agencey (EPA) and Washingtori State Department of Ecology '
(Ecology) by DOE." The objective of the ongoing RCRA interim status assessment (Part I) focuses on
(1) continued groundwater monitoring to determine. whether the flux of dangerous waste constituents

- (eg., chromium) out of the vadose zone into the groundwater is increasing, staying the same, or

decreasing; and (2) monitoring the known contaminant (i.e., nitrate).

The groundwater beneath the 216-U-12 crib is located within the CERCLA 200-UP-1 Groundwater
Operable Unit and the crib is included as part of the 200-UW-1 Source Operable Unit. A portion of the
200-UW-1 Source Operable Unit (the U Plant Area waste sites) is being closed under an accelerated . .
schedule in accordance w1th a planned focused feasibility study (FFS) (DOE 2003&) and proposed p]an
(PP) (DOE 2003b) This process will integrate closure of the 216-U-12 ¢rib as part of the FFS and PP, .

! Letter from KA Klem (DOE Richland Operations Ofﬁce) to N Ceto (EPA) and MA Wilson (Ecology) dated
May 13, 2005: Admzmsrmtwe Closuie of the 216-U-12 Crib.
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~ which is consistent with thf: 200 Areas Remedial Invest:gatzon/Feaszbzluy Study Implementation
Plan-Environmental Restoration Progmfm (DOE 1999) As part of this integration with CERCLA, the

site- spec;ﬁc waste constituent nitrate will be monitored to evaluate the contribution of nitrate from the -

216-U-12 crib mto the regional nitrate plume, Post-closure groundwater monitoring will be integrated

- with the 200-UP-1 Operable Unit groundwater monitoring plan. In accordance with the proposed plan -

for the U Plant closure area waste sites (DOE 2003b), remediation of contaminated groundwater beneath
these U Plant waste sites will continue to be addressed under the 200- UP-1 Groundwater Operable Unlt .

v
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Introduction

This plan provides a revised and updated Resource Conservation and Recovery Act (RCRA) interim
status groundwater assessment monitoring program for the 216-U-12 crib and provides the updated site
hydrogeology and the facility conceptual model.

The U.S. Department of Energy (DOE) has proposed to Washington State Department of Ecology
that the 216-U-12 crib be administratively closed per remarks in Klein (2005)." The facility will remain
in interim status assessment monitoring as detailed in this plan until administrative closure is approved or
otherwise dispositioned.

Please note that source, special nuclear and by-product materials, as defined in the Atomic Energy
Act of 1954 (AEA), are regulated at DOE facilities exclusively by DOE acting pursuant to its AEA
authority. These materials are not subject to regulation by the State of Washington. All information
contained herein and related to, or describing AEA-regulated materials and processes in any manner, may
not be used to create conditions or other restrictions set forth in any permit, license, order, or any other
enforceable instrument. DOE asserts that pursuant to the AEA, it has sole and exclusive responsibility
and authority to regulate source. special nuclear and by-product materials at DOE-owned nuclear
facilities. Information contained herein on radionuclides is provided for process description purposes
only.

Description of 216-U-12 Crib

The 216-U-12 crib was built in 1960 to replace the 216-U-8 crib when it showed signs of potential
cave-in. The 216-U-12 crib was operational until February 1, 1988. when the pipeline was cut and
capped. The retired 216-U-12 crib was replaced by the 216-U-17 crib, which operated from 1988 to
1994. Information about the 216-U-12 crib and its underlying geology and hydrogeology, including a
conceptual model of effluent migration through the vadose zone has been provided in the original
groundwater monitoring plan by Jensen et al. (1990) and is revised and updated in Part Il of this plan.

- ‘The crib is located downgradient of several other liquid waste disposal cribs in the 200 West Area
of the Hanford Site (Figure 1). These cribs received large volumes of liquid effluent containing
radioactive and hazardous waste at various times during the operational history of the U and S Plants.
Details of all the facilities are provided in the Waste Information Data System (WIDS) database,
managed by Fluor Hanford, Inc.

' Letter from KA Klein (DOE, Richland Operations Office) to N Ceto (EPA) and MA Wilson (Ecology) dated
May 13, 2005: Administrative Closure of the 216-U-12 Crib.
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Figure 1. Location of 216-U-12 Crib on the Hanford Site, Washington




The 216-U-12 crib was a liquid waste-disposal unit composed of an unlined, gravel bottomed,
percolation crib, 3 x 30 m (10 x 100 ft), 4.6 m (15 ft) deep. The gravel bottom crib has a plastic barrier
cover and is backfilled with the original excavated sediment. Effluent was transferred to the crib via a
vitrified clay pipe, and spread along a vitreous distributor pipe which is buried in the gravel. The crib
was used to dispose (neutralize) corrosive waste primarily composed of process condensate from the
224-U Building (UOj5 Plant).

The crib received liquid waste, as described in WIDS, from 1960 through 1972 when the crib was
deactivated. The crib was reactivated in November 1981 and received primarily the UO; Plant process
condensate until it was permanently retired in February 1988. A yearly average of over 1.02 x 107 L/yr
(2.7 x 10° gal/yr) of effluent was disposed to the crib from 1960 through 1972 (Maxfield 1979). Total
volume disposed to the 216-U-12 crib exceeded 1.33 x 10° L (3.5 x 10’ gal) from 1960 through 1972.
Effluent volumes discharged to the 216-U-12 crib during its operational life are shown in Figure 2.
Collectively, the effluent received over its entire life was nitric acid waste due to the UO; Plant process
condensate and low-level radioactive waste known to have included plutonium, ruthenium, cesium-137,
strontium-90, and uranium. More detailed information about the waste characteristics is available in the
assessment results report by Williams and Chou (1993).

216-U-12
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Figure 2. Effluent Volume Discharged to the 216-U-12 Crib



History of RCRA Monitoring at 216-U-12 Crib

The initial RCRA groundwater monitoring plan (Jensen et al. 1990) presented the groundwater moni-
toring program to determine the crib’s impact on the quality of groundwater in the uppermost aquifer
beneath the site. A groundwater monitoring well network was established in 1990 and monitoring began
in 1991. This initial network consisted of one upgradient and three downgradient point-of-compliance
wells (Figure 3). The wells were screened in the upper 6 m (20 ft) of the uppermost aquifer.
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Figure 3. Initial RCRA Groundwater Monitoring Network for the 216-U-12 Crib



In accordance with RCRA interim status regulations 40 CFR 265.92 as referenced by
WAC 173-303-400(3), initial background levels for the contaminant indicator parameters (i.e., pH,
specific conductance, total organic carbon, and total organic halogens) were established using
groundwater samples collected between September 1991 and June 1992. The background (upgradient)
well was 299-W22-43. Specific conductance data collected during September 1992 from downgradient
wells 2909-W22-41 and 299-W22-42 showed a statistically significant increase over background values
[40 CFR 265.93(¢)(2)]. Data obtained in subsequent quarters corroborated these findings.

Based on these results, a RCRA interim-status groundwater quality assessment monitoring program
was implemented for the crib in January 1993. Since then, the groundwater monitoring well network at
the crib has been sampled quarterly in accordance with the groundwater quality assessment plan
(Williams and Chou 1993) [40 CFR 265.94(d)(4)]. The assessment plan was developed to determine
whether the 216-U-12 crib is the source of the observed contamination (i.e., Phase I) and if so, to
determine the concentration, rate, and extent of migration of the contaminant plumes (Phase II).

The groundwater monitoring network was expanded in 1993 by adding two existing older wells
(non-RCRA-compliant) to the network. Two wells were added to the network: upgradient well
299-W22-23 for source identification purposes and downgradient well 299-W22-22 for source
delineation. This expansion was necessary to assist in determining whether the 216-U-12 crib was the
source or if one of several upgradient disposal facilities could be the source of the detected contaminants.

In 1995, well 699-36-70A was added downgradient near the Environmental Remediation Disposal
Facility (ERDF) to support the Phase II assessment to determine the rate and extent of the contamination
(Figure 1). Well 699-36-70A was drilled through the entire uppermost unconfined aquifer and through
the Ringold Unit (lower mud unit) confining interval to characterize aquifer chemistry and hydrogeologic
conditions downgradient of the 216-U-12 crib. This data (Williams 1995) has been used to delineate the
vertical distribution of certain contaminants (nitrate, carbon tetrachloride, and technetium-99) in the upper
aquifer. Results from this well indicate that nitrate, the contaminant source from the 216-U-12 crib, is
dispersed throughout the upper aquifer and concentrations decrease with depth. A 10.7-m- (35-ft-) long
screen was installed to monitor the top of the aquifer consistent with recently constructed monitoring
wells in the area. In 1995, wells 299-W22-22 and 299-W22-23 were dropped from the network because
of excessive turbidity problems and they were going dry.

In 1997, results of RCRA Groundwater Quality Assessment Program at the 216-U-12 crib (Williams
and Chou 1997) indicated that the 216-U-12 crib is the source of elevated specific conductance
(Figure 4), including elevated nitrate, and technetium-99. Elevated levels of iodine-129 and tritium are
from upgradient sources caused by past disposal of process condensate waste from the nuclear fuel
dissolution and extraction activities at the REDOX Plant located near the south end of the 200 West
Area. In addition, elevated levels of carbon tetrachloride are most likely from various Plutonium
Finishing Plant waste disposal sites located northwest of the 216-U-12 crib.

Even though the 216-U-12 crib has been isolated since 1988, elevated nitrate and technetium-99 are
still present in the groundwater, but concentrations are declining over time (Figures 5 and 6), indicating
there is still vadose drainage that is contaminating the aquifer.
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In 1998, well 299-W22-79 was installed as a replacement well between downgradient wells
299-W22-41 and 299-W22-42 because they were going dry (Figure 5). By 2002, all four of the original
detection monitoring wells (299-W22-40, 299-W22-41, 299-W22-42, and 299-W22-43) had gone dry due
to declining water levels across the 200 West Area. The current well network for RCRA groundwater
assessment monitoring consists of just two wells, 299-W22-79 and 699-36-70A, both downgradient of
the 216-U-12 crib. The Washington State Department of Ecology (Ecology) and U.S. Department of
Energy (DOE) annually negotiate and prioritize installation of new monitoring wells. These agreements
are documented in TPA Milestone M-24-00 change forms.”

Table 1 summarizes groundwater monitoring results for the 216-U-12 crib from 1992 until present
based on selected constituents of interest identified in Reidel et al. (1993) and in Williams and Chou
(1997) except for acetone and mercury. Mercury was not analyzed in samples from the four original
network wells (299-W22-40, 299-W22-41, 299-W22-42, and 299-W22-43) after September 1993 and
was not analyzed in samples from well 699-36-70A after March 1996. Mercury was essentially not
detected in all wells. Acetone, a common lab contaminant, was not detected except for occasional hits in
well 699-36-70A (5 detects out of a total 16 analyses). Currently, nitrate concentrations in the two
remaining network (downgradient) wells 299-W22-79 (61,100 pg/L, December 2002) and 699-36-70A
(83,700 pg/L, January 2003) exceed the maximum contaminant level of 45,000 pg/L. Trend plots for
these selected constituents are available in Appendix C.

* Email from RD Morrison (Fluor Hanford, Inc., Richland, Washington) to Distribution, dated October 12, 2004:
Tri-Party Agreement Change Form M-24-04-01 Approved.



Table 1. Summary of Groundwater Monitoring Results at the 216-U-12 Crib

Number of Samples Detected Analyses
well Time Period n | GT | LT [ Exct. | Max. | Min. Ave.
Nitrate (pg/L)
299-W22-43 (dry) 2/92 -9/93 33 33 0 0 18,000 8,190 14,600
299-W22-40 (dry) 2/92 - 1/99 32 32 0 0 28,300 19,700 24,600
299-W22-41 (dry) 2/92 - 3/99 32 32 0 0 469,000 99,000 209,000
299-W22-42 (dry) 2/92 - 3/99 34 33 0 1 660,000 41,400 258,400
299-W22-79 12/98 — 12/02 20 20 0 0 79,700 27,900 57,000
699-36-70A 9/94 — 1/03 53 47 0 6 172,000 76,700 113,100
Fluoride (ug/L)
299-W22-43 (dry) 2/92 — 1/00 33 33 0 0 1,000 393 620
299-W22-40 (dry) 2/92 - 1/99 32 32 0 0 900 460 614
299-W22-41 (dry) 2/92 — 3/99 32 32 0 0 1,100 460 686
299-W22-42 (dry) 2/92 — 3/99 34 32 0 2 1,200 414 686
299-W22-79 12/98 — 12/02 20 20 0 0 650 530 584
699-36-70A 9/94 — 1/03 42 35 6 | 1,000 280 525
Sulfate (ug/L)
299-W22-43 (dry) 2/92 — 1/00 33 33 0 0 31,000 18.400 25,300
299-W22-40 (dry) 2/92 - 1/99 32 31 0 1 33,000 27,600 30,750
299-W22-41 (dry) 2/92 - 3/99 32 32 0 0 37,000 22,800 30,000
299-W22-42 (dry) 2/92 - 3/99 34 33 0 1 48,500 25,300 30,900
299-W22-79 12/98 — 12/02 20 20 0 0 28,800 16,400 20,000
699-36-70A 9/94 — 1/03 42 41 1 0 37,600 23,000 33,500
Uranium (ug/L)
299-W22-43 (dry) 2/92 -9/93 8 8 0 0 4.1 2.4 3.1
299-W22-40 (dry) 2/92 - 3/94 11 11 0 0 4.1 1.3 33
299-W22-41 (dry) 2/92 - 9/93 8 8 0 0 2.5 1.8 2:1
299-W22-42 (dry) 2/92 — 6/98 15 13 0 0 4.1 24 3.2
299-W22-79 --- --- --- ---
699-36-70A 9/94 — 1/03 21 19 1 1 3.9 0.6 2.9
Filtered Chromium (ug/L)
299-W22-43 (dry) 2/92 - 1/00 28 11 16 | 25 3.4 7D
299-W22-40 (dry) 2/92 - 3/98 28 16 11 1 24 2.8 10.0
299-W22-41 (dry) 2/92 - 3/99 28 13 15 1 18 2.7 Al
299-W22-42 (dry) 2/92 - 3/99 28 14 13 2 31 4.2 10.9
299-W22-79 12/98 — 12/02 T 6 1 0 10.6 L7 4.8
699-36-70A 9/94 — 1/03 39 23 16 0 10 1.5 5.4
Filtered Arsenic (ug/L)

299-W22-43 (dry) 2/92 - 9/93 8 3 S 0 55 3.6 4.4
299-W22-40 (dry) 2/92 - 3/95 11 6 ) 0 5.8 4.3 5.2
299-W22-41 (dry) 2/92 — 3/95 9 3 6 0 Sl 2.9 3.9
299-W22-42 (dry) 2/92 - 9/93 8 2 6 0 3.2 2.3 2.8
299-W22-79 --- --- --- — === —
699-36-70A 1/95 — 3/02 17 14 3 0 5.2 =2 3.1




Table 1. (contd)

Number of Samples

Detected Analy

Ses

well™ Time Period n | GT | LT | Excl Max. | Min. Ave.
Potassium (pg/L)
299-W22-43 (dry) 2/92 —1/00 28 26 1 1 10,000 2,200 4,070
299-W22-40 (dry) 2/92 — 3/98 28 27 0 1 5,520 2.800 4,250
299-W22-41 (dry) 2/92 — 3/99 28 27 0 1 5,000 2,330 4,130
299-W22-42 (dry) 2/92 — 3/99 28 27 0 1 8.620 3,730 5,720
299-W22-79 12/98 — 12/02 7 7/ 0 0 4,800 2,690 3,670
699-36-70A 9/94 — 1/03 29 29 0 6 10,000 4,800 6,030
Technetium-99 (pCi/L) L
299-W22-43 (dry) 2/92 —1/00 33 3] 2 0 332 6.67 26.06
299-W22-40 (dry) 2/92 —-1/99 32 31 0 1 40.7 8.21 18.41
299-W22-41 (dry) 2/92 — 3/99 32 32 0 0 226 45.78 113.39
299-W22-42 (dry) 2/92 - 3/99 38 33 0 0 226 19.4 99.81
299-W22-79 12/98 — 12/02 20 20 0 0 73.9 12.1 37.87
699-36-70A 9/94 — 1/03 44 36 0 8 126 10.92 67.06
Strontium-90 (pCi/L)
299-W22-43 (dry) 12/93 — 12/94 5 0 5 0 ND ND ND
299-W22-40 (dry) 12/93 — 12/94 5 0 3 0 ND ND ND
299-W22-41 (dry) 12/93 — 12/94 5 0 5 0 ND ND ND
299-W22-42 (dry) *12/93 — 12/94 6 0 6 0 ND ND ND
299-W22-79 - — - — === - ===
699-36-70A 9/94 — 3/96 8 0 8 0 ND ND ND
Tritium (pCi/L)"
299-W22-43 (dry) 2/92 — 1/00 33 26 T 0 2,690 296 1,500
299-W22-40 (dry) 2/92 - 1/99 32 32 0 0 4,370 1,030 2,130
209-W22-41 (dry) 2/92 — 3/99 32 32 0 0 15,400 463 3,040
299-W22-42 (dry) 2/92 — 3/99 33 32 0 1 54,500 9,120 23,940
299-W22-79 12/98 — 12/02 14 14 0 0 22,300 5,200 14,430
699-36-70A 9/94 — 1/03 37 32 0 5 388,000 53,700 150,800
lodine-129 (pCi/L)"
299-W22-43 (dry) 3/93 — 1/00 21 4 |17 0 6.6 0 1.65
299-W22-40 (dry) 3/93 — 3/98 19 4 15 0 1.94 0.22 0.89
299-W22-41 (dry) 3/93 — 3/99 21 6 15 0 0.66 0 0.29
299-W22-42 (dry) 3/93 — 3/99 21 20 1 0 12.3 2.0 7.09
299-W22-79 12/98 — 12/02 9 0 9 0 ND ND ND
699-36-70A 1/95 — 1/03 35 32 2 1 38.8 6.38 15.24
Carbon Tetrachloride (ug/L)"”

299-W22-43 (dry) 12/92 — 9/94 12 11 | 0 10 3.7 6.9
299-W22-40 (dry) 2/92 — 8/96 16 16 0 0 10 6.7 8.1
209-W22-41 (dry) 2/92 — 9/94 12 12 0 0 8.1 4.7 6.6
299-W22-42 (dry) 2/92 — 12/94 14 14 0 0 6.8 3.1 53
299-W22-79 1/95 — 3/96 2 2 0 0 -4 3 3.5
699-36-70A 1/95 — 1/03 17 16 1 0 11 3 73

(a) Bold and italic denotes upgradient well.

(b) Sources are from upgradient past disposal sites.
n = Number of samples; Excl. = excluded; GT = greater than; LT = less than; Max = maximum; Min = minimum;

Ave = average; ND = not detected: --- = no data.




In 2002, the DOE initiated the Cleanup, Challenges, and Constraints Team (C3T) to develop,
streamline, and integrate the groundwater programs managed under three separate regulatory acts
(CERCLA, RCRA, and the Atomic Energy Act of 1954) into one. As part of this effort, the data quality
objective (DQO) process (Byrnes and Williams 2003) was used to identify and integrate wells needed
across the 200 Area Plateau. In accordance with this DQO, additional wells are justified at the 216-U-12
crib, i.e., at least two new wells could be required: one upgradient and one downgradient.

Integration of RCRA and CERCLA Closure Activities

The 216-U-12 crib is proposed to be administratively closed and removed from the list of TSDs
contained in Appendix B of the TPA and will be closed as a RCRA past-practice site under the 200-UW-
1 Operable Unit. Closure for the 216-U-12 crib will be fulfilled by the CERCLA process for the 200-
UW-1 and 200-UP-1 Operable Units. Any remedial actions relating to groundwater that may be required
for the 200-UP-1 Groundwater Operable Unit, which includes contaminants sourced from the 216-U-12
crib, will be conducted under the integrated TPA process (Byrnes and Robinson 2003). The groundwater
monitoring network for the 200-UP-1 Groundwater Operable Unit includes select wells from the 216-U-
12 crib RCRA network as defined in this plan and in Byrnes and Williams (2003).

Because the 216-U-12 crib is within the 200-UW-1 Operable Unit, remediation and closure of the
216-U-12 crib will be integrated with closure of the U Plant Area waste sites. The 200-UP-1 Ground-
water-Operable Unit is responsible for addressing contaminants within the groundwater beneath the
200-UW-1 Operable Unit. This plan is intended to serve as a transition to a monitoring approach that
will be defined under the 200-UW-1 Operable Unit.
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PART I

Interim-Status Groundwater Quality Assessment Plan
for the 216-U-12 Crib

This part describes a revised and updated Resource Conservation and Recovery Act (RCRA) interim-
status groundwater quality assessment monitoring program for the 216-U-12 crib. This revised interim-
status program will fulfill RCRA groundwater monitoring requirements at the 216-U-12 crib until
administrative closure of the facility is approved (described in the Introduction) or the facility is
otherwise dispositioned. This part contains the sampling and analysis plan. including the monitoring
constituents; sample frequencies; network design: sampling and analysis protocols; quality assurance:
and data management, evaluation, and reporting. This plan replaces Williams and Chou (2003
PNNL-14301).

1.1 Objectives of RCRA Interim Status Assessment Monitoring

Results of the groundwater quality assessment monitoring activities conducted for the 216-U-12 crib
(Williams and Chou 1997) indicate that the 216-U-12 crib is the source of the elevated nitrate and
technetium-99 contamination observed in groundwater downgradient of the crib: the site must remain in
interim-status groundwater assessment monitoring. However, in the interim remedial measures for the
200-UP-1 Groundwater Operable Unit, the Washington State Department of Ecology (Ecology) and the
U.S. Environmental Protection Agency (EPA) determined that nitrate (and tritium) in groundwater will
not be remediated until practical treatment options are available that will allow cost-effective removal
(Swanson 1996). Furthermore, the Tri-Party Agreement (TPA) (Ecology et al. 1989) has assigned
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) as the program
that will address the corrective action provisions of RCRA. Therefore, any future cleanup of contam-
inants in groundwater at the crib will be part of the CERCLA 200-UP-1 Groundwater Operable Unit
investigation and subsequent remedial or corrective action decisions. Any soil remediation required at
the 216-U-12 crib within the 200-UW-1 Source Operable Unit will be performed under the CERCLA
U Plant focused feasibility study (FFS)/proposed plan (PP) waste site remediation documentation.

Based on the information presented in the paragraph above, the current objectives of interim status
assessment monitoring for the 216-U-12 crib, rather than delineating the existing known plumes, include
the following:

1. Continue groundwater monitoring to assess the migration of potential dangerous waste constituents
out of the vadose zone into the groundwater.

(3

Monitor the known contaminants until a near-term interim corrective action is defined.

(98]

. Monitor under interim-status assessment until administrative closure is approved or the facility is
otherwise dispositioned.
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Closure of the 216-U-12 crib will be coordinated with and conducted under CERCLA per the U Plant
waste sites FFS (DOE 2003a) and PP (DOE 2003b). RCRA groundwater monitoring objectives will
remain the same from now until administrative closure of the facility is approved.

1.2 Sampling and Analysis Plan

This section describes the monitoring program for RCRA interim status groundwater assessment
for the 216-U-12 crib, which is designed to assess facility impacts to groundwater as described in the
Introduction.

1.2.1 Groundwater Monitoring Well Network

The requirements, objectives, and network design for RCRA groundwater monitoring at the 216-U-12
crib and for the 200-UP-1 Groundwater Operable Unit regional network have been defined in Byrnes and
Williams (2003). Based on the objectives defined in the data quality objective (DQO), the existing
interim status 216-U-12 crib network will be modified to increase the number of monitoring wells from
the existing two wells to four wells. The 216-U-12 crib network currently consists of two RCRA compliant
(WAC 173-160) wells, 299-W22-79 and 699-36-70A (Figure 1.1). These two wells monitor the top of
the unconfined aquifer, which is believed to be where most contaminants travel in groundwater. The
initial four network wells have gone dry (Williams and Chou 1993). Well deepening, as proposed in the
DQO, will not be necessary because one new CERCLA well is being installed near the existing dry
downgradient well that was to be deepened. In addition, one existing upgradient well will be added to
the network to provide upgradient coverage at the 216-U-12 crib. Installation of new wells is being
prioritized annually via TPA Milestone M-24-57. Figure 1.1 provides the location of the four wells
proposed for this network (Table 1.1). Appendix A provides well as-built information about the
proposed network wells for continuing interim status assessment groundwater monitoring at the 216-
U-12 crib. This 216-U-12 crib groundwater monitoring network supports groundwater monitoring
objectives for the regional 200-UP-1 groundwater monitoring network (Byrnes and Williams 2003).

1.2.2 Constituent List and Sampling Frequency

Samples will continue to be analyzed quarterly as required by RCRA regulations. Water levels
will also be collected at the same time the wells are sampled. Additional constituents will be analyzed
annually, as necessary, to assist in data evaluation. Based on waste stream characteristics, selected
constituents for this site are: alkalinity, anions (specific for nitrate), metals (specific for arsenic and
chromium), pH, specific conductance, technetium-99, temperature, total dissolved solids, and turbidity.
Technetium-99 is a non-RCRA constituent that is being tracked to assist in determining groundwater flow
rate and direction beneath the crib. Table 1.2 provides the list of wells, constituents, and frequency of
sampling and water-level monitoring for the network.
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Table 1.1. 216-U-12 Crib Interim Status Groundwater Monitoring Network

Other
Well Well Standard Unit Monitored Comment Users
299-W22-26 |Screening well Top of unconfined | Upgradient well location CERCLA
299-W22-79 |WAC 173-160 Top of unconfined | In current network CERCLA
699-36-70A |WAC 173-160 Top of unconfined [In current network CERCLA
299-W21-2  [WAC 173-160 Top of unconfined | Installed in CY04 for 200 UP-1 CERCLA
monitoring
Italics = Wells to be added to network based on Tri-Party Agreement Milestone M-24-57.
Table 1.2. Well Constituents and Frequency of Sampling at the 216-U-12 Crib
Constituents
Required Under
This Plan Constituents Supporting Interpretation
o~ )
| 3¢ 2
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299-W22-26 A A Qla|lQ | Q| Q|A|A|A | A QI A|Q| Q|0Q|Q|a
299-W22-79 A A QlA | QIQ|Q[A |A|A|A|Q|A|[Q|Q | Q| Q|Q
699-36-70A A A QA Q QlA|A|A | A |Q|A|Q|Q0|Q|Q]|Q
209-W21-2 A A QlAa | Q| QDA | A|A|A|Q(A|Q|Q|DQ | BQ|C

(a) Notregulated under RCRA: co-contaminant analyzed to help determine groundwater flow rate and direction
and to support CERCLA and AEA monitoring.

||(b) Measured before purging well for sampling.

Il A = annually; Q = quarterly.

1.2.3 Sampling and Analysis Protocol

RCRA groundwater monitoring for the 216-U-12 crib is part of the groundwater project and follows
the project’s quality assurance plan. Groundwater monitoring for the 216-U-12 crib will follow the
requirements of the most recent revision of the quality assurance project plan; this monitoring plan need
not be revised to cite future revisions of the quality assurance plan.




Project staff schedule samphing and initiate paperwork. The project uses subcontractors for sa'mple
collection, shipping, and analysis. Qualny reqmrements for the subcontracted work are spec1f' ied in
statements of work or contracts o - '

The statement of work for samplin'g activities specifies that activities shall be in accordance with
a quality assurance project plan that meets the requirements defined in Requirements for Quality.
" Assurance Pro;ect Plans, EPA/240/B—01/003 (EPA QA/R-5), March 2001, as amended Addltlonal
requlrements are. specrﬁed in the statement of work. ' :

Groundwater project staff conduct laboratory audtts and field surveillances to assess the quahty of
subcontracted work and initiate correctwe actron if needed

1.2.3.1 Sehed-uling Groundwater Sampling

The groundwater project schedules well sampling. -‘Many Hanford Site Wells are sampled for

" multiple ob}ee1 ives and requirements, e.g., RCRA, CERCLA, dtomic Energy Act of 1954 (AEA).

- Scheduling activities help manage the overlap, elnmnatlng redundant samphng and meetmg the needs
of each samplmg ob_]eettve Scheduhng activities rnclude the follomng

- » Each fiscal year, pI’O_] ect scientists provide Well lists, constltuent lists, and samphng frequency.
Each month, project scientists review the sampling schedule for the followmg month. Changes are
requested via change request forms and approved by- the sampling and analys1s task lead and the
MONitoring project manager. : :

e Project staff track sampling and analys1s throu,,h an electron;c schedule database stored ona server _
at Pacific Northwest Natlonai Laboratory (PNNL) Quahty control samples also are rnanaged
through this database. A scheduling program generates unique sampie numbers and a special user
interface generates sample authorization forms, field services reports, groundwater sample reports,
‘chain- of-eustody forms -and sample contalner 1abels

. Samphng and analysis staff’ verlfy that well name, sample numbers bottle sizes, preservatlves etc.
are indicated properly on the paperwork, which is transmitted to the sampling subcontractor. Staff -
complete a checklist to document that the_pape_rwork was generated correctly.

e At each month’s end, project staff use the schedule database to determine if any wells were not _
sampled as scheduled. If the wells or sampling pumps require maintenance, sampling is rescheduled
following repair. If 4 well can‘no longer be sampled, it is cancelled, and the reason is recorded in the
database. The U.S. Department of Energy (DOE) will notify Ecology if sampling is delayed past the

" end of the scheduled quarter or if a well cannot be. sampled (see Section 1.3:1).

1.5



- 1232 - Cham of: Custody

The samplmg subcontractor uses eham—of custody fon‘ns to document the 1ntegr1ty of groundwater
samples from the time of collection through data reporting. The forms are generated during scheduling
(see Section 1.2.3.1) and managed by the sampling subcontractor. Samplers enter requrreci mformatron
on the forms, mcludlno the fellowmg :

Sampling Authorization Formnumber
'_Sampler’-s name(s) .
Method of shipment and destination
Collection date and time -
Sample-identification numbers
Analysis methods '
Preservation methods.

When samples are transferred from one custodlan to another (e g from sampler 1o shipper or shrpper '
~ to analytical laboratory) the receiving custod1an mspects the form and samples. and note any deﬁclen- o
cies. Each transfer of custody is documented by the printed names and 51gnatures of the custodian’
relinquishing the samples and the custodian receiving the samples, and the time and date of transfer.

1233  Sample Collection

‘Groundwater samples are generally collected after three casing volumes of water have been purged
from the well or after field parameters (pH, temperature, speelﬁc conductance, and turbidity) have
stabilized, i.e., after two consecutive measurements are within 0.2 units pH, 0.2°C for temperature 10%
for speerﬁc conduetanee and turb1d1ty <5 nephelometrrc turb1d1ty units (NTU). Pre—prmted sample
labels are applied to bottles i in the field. For routine groundwatet samples preservatives are added to the
collection bottles, if necessary, before théir use in the field.. Samples for metal analyses are filtered i in the

field with 0.45-micrometer, in-line, dlsposable filters. After samplm pH, temperature, and specific .
~ conductance are measured again. Sample bottles are sealed Wlth evidence tape and. placed ina, eooler _
with ice for shrppmg '

The. samplers record the date time, personnel, ﬁeld measurements and other pertment mformatron
on a groundwater sample report form and complete the cham—of-custody form as described i m
Seetlon 1 2 3.2. '

| 1.2.3. 4 Analytlcal Protocols

Instruments-for ﬁeld measurements (e.g.; pH specnfic eonduetance temperature, and turbidity) are
calibrated in the field using standard solutions prior to use.. Each instrument is assigned a unigque number-
that is tracked on ficld documentation and is calibrated and controlled. Additional cahbratron and use
mstructions are specified in the instrument user’s manuals. -
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Laboratory analytical methods are specified in contracts with the laboratories, and are standard
-methods from Test Methods for Evaluatmo Solid Wastes: Physical/Chemical Methods {(EPA/SW-846,
1986, as amended) or Mez‘hods for Chemrcal Analysrs of Waz‘er and Wastes (EPA 600/4 79—020 1983 as
amended). ' '

1;_3' Qua-liity Assurance

~ The groundwater project’s quality assurance plan meets EPA Requirements for Quality Assurance -
PrOJecr Plans, EPA/240/B-01/003 (EPA QA/R-5), March 2001, as amended. A quality control plan is
inchuded in the groundwater project quality assurance plan and quahty control samplmg requrrements for '
subeontracted work are drscussed in the statement of work. -

The groundwater pro_]ect’s quahty control program is de31gned to assess and enhance the relrab111ty
and validity of groundwater data. This is aeeomplrshed through evaluating the results of quality. control -
sa:mples conducting audits, and Valrdatm g groundwater data. Thissection descr1bes the quallty control -
' program for the ent1re groundwater prO_] ect, which includes the 216—U—12 crib.

The quallty control practrces of the gro‘undwater prOJeet are based on gurdanee from the 1.S.
Environmental Protection Agency (EPA) as descrlbed in the 73 rz—Party Agreement Action Plan, .
‘Section 6.5. Accuraey, precision, and detection are the pr1mary parameters used to assess data quahty )
Data for these parameters are obtained from: two categories of quality control samples: those that provide
checks on field and laboratory activities (field quality control) and those that monitor laboratory -
performance (laboratory quality. control) Table 1.3 summarizes the types of samples in each eategory
and the sample frequenc1es and eharacterrsuos evaluated :

- 131 Qua!ity Co-ntro’l Criteria

Quality control data are evaluated based on established acceptance criteria for each quality control

- sample type. For field and method blanks, the acceptance Hmit is generally two times the instrument .-

detection limit (metals) and method -detection limit (other chemical parameters). However, for common
~ laboratory contaminants such as acetone, methylene chloride, 2-butanone, and phthalate esters, the limit

-~ is five times the method detection limit. Groundwater samples that are associated (i.e., collected on the

“same date and analyzed by the same method) with out-of-limit field blanks are ﬂagged with a “Q” in the
database to mdllcate a potentral contammatmn problem. :

F 1eId duplrcates must agree wrthm 20%, as measired by the relative percent d1fference (RPD), to be
aeeeptable Only those field duphcates with at least one result greater than five times the appropriate
detection limit are evaluated Undcceptable field dupheate results are also flagged with a “Q” in the
database. :

The aeceptanee cr1ter1a for laboratory duplrcates rnatrrx Splkes matrlx sprke duplicates, surrogates,
and laboratory control samples are generally derived from historical data at the laboratories.in .
_-accordance with Test Methods for Evaluarmg Solid Wastes: Physzcal/Chemzcal Methods (EPA/ SW~846

1986, as amended). Typical acceptance limits are within 25% of the expected values, although the limits -
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* Sample Type ~ .| . -Primary Characteristics 'EValnat'cd_ b Frequency
: : | _ “ Field Quality Control B
: Full Trip Blank Contamination from- contamcrs or - . 1 per 20 well trips
_ transportation
Fielc_lTransfer B_lank . Airborne. contammatlon from the . - I each day volatlle organlc _
_ ' sampling site: - L . {- compourd samples are collected

Equipment Blank - Contannnanon from non—dedlcated - | 1 per 10 well trips or as ncedc_d(f?
_ : R sampling eqmpment _ ' ; ' B :
an]icate Samples | Reproducibility ~ - " E 1 per 20 well trfpa

. ' ' _ : Laboratory'-Q_.ua}ity Control - .

Method Blank : . Laboratory'ﬁc:ontammation . _ | Lper batch

Lab Duplicates = - ‘Laboratory _répr-oduc.ibility = - | Method/contract specific®™
Matrix Spike | Matrix effécts and laboratory accuracy - Method/contract specific”
| Matrix Spike Duplicate | Laboratory reproducibility and accuracy Method/contract specific™. -
Surrogates ' o Rccovcry/y’ieid e BT Method/contract specific™
LaboratoryControl Sample . | Accuracy s R 1 per batch _ '
.Double Blind Standards - Accaracy and"prccision T - | Varigs by constltuent(c) -

Table 1.3. Quality, Control Samples

(a) When a new type of non-dedicated samphnﬂ cqu1prncnt is used, an equrpment blank should be collected
every time sampling oceurs umtil it can bé shown that fess frequent colléction of equlpment blanks is
adequate to monitor the equipment’s décontamination procedure. -

(b) If called for by the analytical method, duphcates matrix spikes, and matrix spike duphcates are typlcally _
analyzed at a frequency of I per 20 samples Surrogates are routinely included in every sample for most -
gas chromatographic methods.

{ (¢} Double blind standards containing known concentrations of selected analytes are typrcally submlttcd in

trrphcatc or quadruphcate ona quarterly, serni-angual, or annual basis.

may vary considerably - with"the mcthod and analytc Current values for Iaboratow duplicatcs‘ matrix
spikes, and laboratory control samples are 20% RPD, 60%-140%, and 70%—130%, respectwely These '
values are subject to change if thc contract is modlﬁed or replaced.

Table 1.4 lists the acceptable recovery timits for the double blind standards. These. samples are
prepared by spiking background well water with known concentrations of constituents of interest.
Spiking concentrations range from the detectlon limit to the upper limit of conccntranon dctcrmmcd in _
groundwatcr on the Hanford Site. ‘Double blmd standard results. that are outSJdc the acceptance 11m1ts are .
mvcstagated and appropriate actions are taken if necessary.

Holdmg time is the elapscd tnne perlod between sample collection and analysis. Excccdmg recom-
mended holdmg times could result in chianges in constltucnt concéntrations due to volatlhzanon decom-
position, or other chemical alterations. Rccommcnded holdmg times depend on. the analytical mcthod as

~ specified in Test Methods Jor Evaluat_mg Solz_d Waste_s._ Physz_cal/Chemzcal _Meth_ods (EPA/SW¢84§
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Table 1.4. Recovery Limits for Double Blind Standards

Constituent” Frequency | - Recovery Limits - | -  Precision Limits (RSD)
Speciﬁc.comdactarlce_- © | Quarterly T5%-125% 25% R
Total organic carbon® | Quarterly | . 75%-125%. | Varies with spiking compound

1 Total or_gariic haii_de‘s(h) o -Qi_larterly o :’[5__%7_1'_2,5% : Varies wrth spiking compound

Cyanide.  ~ - . | Quarterly CT5%-123% . | 23%

A Fluoside. - | Quaterly | | 75%-125%  |25%
Nitrate | Quarterly | 75%-125% | 25%
| chromivm -~ | Anmuatly 80%-120% | 20%
. Carbon _tetrachlori’de, ; ‘Quarterly A 73%-125% - 25%
| Chloroformi. . - | Quarterly b 7s%e-125% | 25%
_ Trrchloroet]hene | Quarterly | 75%-125% | 25%
JHCIE -The spi lkmcr compound Generally used for total orgamc carbon is potassmm hydrocen phﬂ}alatte Other '_ _
- spiking eompounds may also beused.

(b) - Two sets of splkes for total organic halides will be used.. The ﬁrst should be prepared with 2,4,5-
“trichlot ophenol The. second set will be skaed Wlﬂl a mixture of carbon. tetrachlonde chloroform, and. -
trichloroethene. : '

RSD Relative. standard dev1at1on

1986, as amended) or Merkods Jor Chemzcal Analyszs of Water and Wastes (EPA-600/4—”9 020, 1983 as |
amended) Holding. tlmes are spe01ﬁed 1n laboratory contracts. Data associated with exceeded holdmg
times are flagged wlth an’ “H” in the Hanford Env1ronmental Informaﬂon System (HEIS) database

AddltlonaI quahty control measures include laboratory audits and participation in nat1ona11y based
performance evaluation studies. The contract laboratories participate in national studies such as the
EPA- sanetr_oned Water Pollution and Water Supp_ly Performance Evaluation studies. The:_groundwater

- project periodically audits the ana]yﬁcal laboratories to identify and solve quality problerns or to prevent '
such problems. Audit results are used to improve performance. Summaries of audit results and perform—..
-~ ance evaluation studies are presented in the annual groundwater momtormg report. '

132 Gro.undw-ater_ Data Validatio_n P.rooess

The groundwater project’s data validation process prov1des requirements and guidance for validation
_of groundwater data that are routinely eoilected as part of the groundwater project. Valldatlon isa '
systematic process of reviewing data against a set: of criteria to determine whether the data are acceptable .
for their inténded use.” This process applies to groundwater data that have been verified (see Sec-
tion 1.4.1) and loaded into HEIS. The outcome of the activities described below is an electronic data set
with suspect or erroneous data corrected or flagged. Groundwater meonitoring project staff documents the
validation process quarterly by signing a checklist, which.is stored in the project file.
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reglon is a551gned to a project sc1entlst Who 1s fam111ar Wlth the hydrogeologw eond1t1ons of that s1te _
The data Valrdat1on process includes the followmc elements - :

"o Generation of data reports: Twice each month, data. management staff prov;de tables of newly
loaded data to project scientists for evaluation (b1weekly reports). Also, after. laboratory results from
a reportmg quarter have been loaded into HEIS, staff produce tables of water-level data and _
analytical, data for wells sampled within that quarter (quarterly reports). The quarterly data reports
include any data ﬂags added durmg the quallty control evaluatlon or as a result of prior data rev1ew

. P'roject scientist evaluation: As soon as praetical after receivino biweekly'reports project s‘cie‘ntists
“review the data to 1dent1fy changes in-groundwater quality or potential data erTors. Evahuation tech-
_niques include comparing key constituents to hlStOI‘lCﬂ.l trends or spatial patterns. Other data chécks
 may mclude comparison of general parameters to their. specific counterparts (e.g., conductivity to

ions) and calculation of charge balances. Project scientists request data reviews if appropriate (see
Section 1.4.2). If necessary, the lab may be asked to check calculations or reanalyze the sample, or
“the well may be resampled. After receiving quarterly reports, ‘project scientists review sampling .
summary tables to determine whether network wells were sampled and analyzed as scheduled. If not,
they work with other project staff to resolve the . problem Project scientists also review quarterly _

. reports of analytical and water-level data using the same techniques as for b1weekly reports. Unlike

thie biweekly reports, the quarterl’y reports usually include a full data set (i.e’; all the data from the
wells sampled during the prev1ous quarter have been__reeewed and loaded into HEIS).

e Staff report results of quality control eval_aations informally_to project staff, DOE, and Eeology each
quarter. Results for each fiscal year are.described in the annual groundwater monitoring report. '

1.4 Data Management, Evaluation, and Reporting
This section describes _how gronndw_ater data are sto_red,._retr_ieved, and 'interpre-te'd. R
141 Loading an'd Verifying Data

" The contract laboratories report analytical results electronically and in hard copy. The electromc

" results are {oaded into HEIS. Hard copy data reports. and field records are considered to be the reeord
copies and are stored at PNNL. Project staff perform an array of computer checks on the electronic file
for formattmg, allowed values data flagging (quahfiers) and completeness Verification of the hard :
copy results includes checks for (1) completeness, (2) notes on condition of samples upon receipt by the
laboratory, (:) notes on problems that arose during the analys1s of the samples and (4) correct reportmg -
of results. If data are incomplete or deﬁ(:lent staff work with the laboratory to get the problems e
corrected. Notes on eond1t10n of samples or problems durmg analys1s may be used to support data
reviews (see Section 1.4.2). :
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- Field data such as specific conductance, pH, te_mpexjature, turbidity, and depthvto;water are recorded
on field records. - Data management statf enter these into HEIS manually through data-entry screens, _
verify each value against the hard copy, and initial each valae on the hard copy.

1.4.2 Data Review

The groundwater proyact conducts special reviews of groundwater analytical data or ﬁeld measure-
ments when results are in. question. Groundwater project staff document the process on a review form,
and results are used to flag the data approprlately in HEIS. Various staff: may initiate a review forn:

~ €.g., project scientists, data management staff and quahty control staff.. The data review process -

mcludes the followmg steps:

e The initiator fills out required information on the review form, such as sample number, constituent,
and reason for the request (e.g.; “result is two orders of magnitude greater than historical resiilts and
disagrees with duplicate™). The initiator recommends an action, such as a data recheck, sample

‘reanalysis, well resampling, or simply flagging the data as suspect in HEIS. '

e The data review coordinator determines that the review form does not dupliéate a previously
-submitted review form, then assigns a unique review form number and records it on the form. A
temporary flag is assigned to the data in-HEIS indjcat'ing the data are undergoing- review (“F” ﬂ-a'g)‘. '

o If laboratory action is required, the data review coordinator records the laboratory’s response on the
" review form. Other documentation also may be relevant, such as chain-of-custody forms field .
records, calibration logs, or chemist’s sheets.

' -

. A project scientist assigned to examine a review form determines and records the appropriate
response and action on the review form including changes to be made to the data flags in HEIS.
Actions may include updating HEIS with corrected data or result of reanalysis, flagging existing data
(e.g., “R” for reject, “Y™ for suspect, “G™ for good), and/or addmg comments. Data management '
staff updates the temporary “F” flag to the final flag in HEIS.

» The data review coordinator signs the review form to ind_icate its-closure.
= If areview form is filed on data that are not * owned” by the groundwater project, the data review
coordinator forwards a copy of the partially filled review form to the appropriate contact for their
action. 'The review is then closed.

1.4.3 Interpretation

'Afier data are validated and verified, the acceptable data are used to interpret g oroundwater condltlons
atthe site. Interpretive techniques include:

- e Hydrographs — graph water levels vs. time to determine decreases, mcreases seasonal or manmade
fluctuations in oroundwater levels.



* Water-iable maps — use water-table elevations from multiple wells to consiruct contour maps to
estimate flow directions. Groundwater flow i is assumed to be perpeud1cular to lmes of equal
potent1al '

‘& Trend plots — graph concentrations of constituents vs. time to. defermine increases, decreases, and - -
ﬂuctuatmns May be used in tandem with hydrographs and/or watertable maps to determine 1f '
concentrations relate to changes in ‘water level or in groundwater flow directions. -

e Plume maps - map dist'ributions of chemical con‘s‘tituents are in the-aquifer to determine extent of -~
contamination. Changes in. plume d1str1but1on overtime-aid in detetmmmg movement of plumes and - 5

direction of flow. . _ _ S R oo o

. Contammant ratios — can sometunes be used to dlstmguish between d1fferent sources of
' contammatmn - ;

1.4.4 rReporting '

Chemistry and water-level data are reviewed after each sampling; event and are available in HEIS.
Results of i interpretation of groundwater momtormg are reported annually in March. Results of RCRA
monitoring also are summanzed in mformal quarterly reports sent to: Ecology via e—mall c
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PART 11
Hydrogeology and Conceptual Model

This part provides an update of the local hydrogeology and the subsequent source conceptual model
developed for the 216-U-12 crib.

This section summarizes available and new interpretations of the hydrogeology of the 216-U-12 crib.
Data on physical characteristics of the 216-U-12 crib and the surrounding area (e.g., boreholes) are used
to refine understanding of the hydrogeology beneath the site and the potential contaminant transport
pathways from the subsurface, toward groundwater, and toward potential receptors. These data are used
to develop the conceptual model beneath the site (Section 2.3). The conceptual model provided in this
part focuses on the potential for movement of contamination deep in the vadose zone and potential
impacts to the underlying unconfined aquifer. A more detailed conceptual model that develops the site-
specific sediment and contaminant relationships existing in the shallow subsurface directly beneath the
216-U-12 crib will be provided by others. Early studies relied on limited borehole and well data to
describe the stratigraphy and hydrogeology of the area. In recent years, more wells have been drilled in
the surrounding area specifically targeted to collect more characterization data. As a result, the quantity
and quality of the geologic data have been enhanced, which improves the hydrogeologic model
development and its interpretation.

The 216-U-12 crib is located in the southeast 200 West Area on the Central Plateau, a broad, flat area
that constitutes a local topographic high around the 200 Areas. The plateau is one of the flood bars
(i.e., Cold Creek Bar) formed during the cataclysmic flooding events of the Missoula floods that occurred
over 13,000 years ago. The north boundary of the flood bar is defined by an erosional channel, and
present day topographic low, that runs northwest-southeast near Gable Butte just north of the 200 West
Area boundary (Williams et al. 2002). Most of the 200 West Area, including the 216-U-12 crib, is
situated on the flood bar (Figure 2.1).

The geology of the Central Plateau, and particularly the Pasco Basin, has been studied in great detail
(DOE 1988). The focus of this section is on the sediment above the basalt bedrock, or the suprabasalt
sediment, contained within the Hanford, Cold Creek (formerly Plio-Pleistocene), and Ringold Forma-
tions, because these strata comprise the uppermost aquifer system and vadose zone in the area. Detailed
descriptions of these geologic units are available in Bjornstad (1984, 1985), DOE (2002b), Tallman et al.
(1979), Myers and Price (1981), Graham et al. (1981), and Lindsey (1995). The most detailed descrip-
tion of the stratigraphy beneath the 216-U-12 crib could be found in Jensen et al. (1990).

Williams et al. (2002) provides an updated reinterpretation of the hydrogeology in the 200 West Area
and vicinity that includes characterization of the entire suprabasalt aquifer system. The most recent
description of the groundwater contamination in the region of the Hanford Site surrounding the 216-U-12
crib is presented in Section 2.8 of Hartman et al. (2003).
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Figure 2.1.  Topographic Illustration of Pleistocene Flood Channels and the Present Day Columbia
River Channel Pathways, with Outlines of the 200 West and East Areas, Hanford Site,
Washington

2.1 Stratigraphy

Two separate Hanford Site stratigraphic classifications are available (Figure 2.2); one developed by
Lindsey (1995) is based on lithology (labeled Geology Column), and the second, developed by Pacific
Northwest National Laboratory (PNNL) (Wurstner et al. 1995; Thorne et al. 1993), is the hydrogeologic
stratigraphy (labeled Hydrogeologic Column) that combines the geology with the hydrologic properties
of the sediment. This plan uses PNNL’s hydrogeologic classification because it is more applicable to
groundwater movement in the suprabasalt sediment. This hydrogeologic nomenclature and its geologic
relationship are illustrated in Figure 2.2. The uppermost suprabasalt aquifer system is contained in the
Ringold Formation, and the Hanford formation and Cold Creek (Plio-Pleistocene unit) comprise the
vadose zone. The Ringold Lower Mud Unit (hydrogeologic unit 8) separates the supra basalt aquifer
system into a confined and unconfined aquifer (Williams et al. 2002). The uppermost surface of the
Elephant Mountain member basalt is considered the base of the suprabasalt aquifer system (bedrock)
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because of its dense, low permeability interior, relative to the overlying sediments. This surface is
considered to be a groundwater no-flow boundary. The basalt surface beneath the 216-U-12 crib dips
south-southwest forming the southern limb of the Gable Mountain-Gable Butte anticline and the
northeast flank of the Cold Creek syncline (after Fecht et al. 1987). Figures 2.3 (south-north) and 2.4
(east-west) illustrate the stratigraphic position and relationship of these hydrogeologic units as they exist
beneath the south 200 West Area and the 216-U-12 crib. Figure 2.5 provides a more detailed hydro-
geologic profile beneath the 216-U-12 crib.
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L2 L2'
West East
Nooh o] \g 2
v Y ¥ 9 -\0 ,bb’ o
W 8 2% R S S o . ¥
LAY S LR A & & &
5 © B
i i §€ i (i i I i i
750 e 200 West AreQ =—————vof Ground Surface
700
850 Ground Surfoce 216-5-10 214-U-12 ’
6001 — —— _ Hanlord fm Unit 1| Facility Crib Hanford fm Unit 1
s504ColdCreek Unif” — = = == == = = e === o
o i ——’de Creek Unif == -
450 S — — A )
400 Ringold Frm Units 485 Groundwaler Ringold Frm Units 485 )
350 Undifferentiated —,,ow_) Undifferentiated

Elevation [fl) Above Mean Sec Level

o 650
wli?cale (#)
< 3 Unconfined
50 Ringold Fm Unit ¢ 2_ Water Table 13X Vertical
o — Exaggeration
-50

2003/DCL/U-12 Crib/002 (09/19)

Figure 2.4. Hydrogeologic East-West Cross Section in the 200 West Area Near 216-U-12 Crib

24



214-U-12 CRIB HYDROGEOLOGIC CROSS SECTION A-A’

299-U-12 Crib
u

R

400 i

500
2% T G P R e R e = .E. =4
4 240 2003 20}S65S] H H450
E LS a5 75 125 S LTI SEH 2575125 [
= o L : z |iearH .
£ 5 | n o TotalGomma £ ai1noH Total Gamma |
S ytdw (eps) e vidy (cps) [
3 . a . L400

Tnil

35

HH
;l;

|

|

|e— Uppermost Unconfined Aquiler —a
g

Elevation (ft) Above Mean Sea Level
|eA@] Dag Ubaw aroqy (|j) UOYDAB|3

25040 TR T LS Ty e T i T ij[ 250
00] H- — ———'= A L O = 200
1501 [ < 150
-
100 o 100
= W S e o R O B ]
5 Eg (Frojected based on PNNL-13858)
50 55 Eg 50
i
ol ° 2 o
Water Level Location Map
E silt 2000% o1 Year A ‘"mun
Screened | waz.as®_ 24412 ,% Horizontal
E Interval - § Eropuraon
5onc.| Gravel Scale ol 1) N
Fot: =« Temporary | S5, w242 | sop
Casing Shift | 0 300m A’

2002/DCL/U-12 Crib/00% (06/03)

Figure 2.5. Detailed Hydrogeologic Cross Section at the 216-U-12 Crib

The 216-U-12 crib lies at an elevation of ~211 m (692 ft) above mean sea level. The suprabasalt
stratigraphy at the 216-U-12 crib includes the following (from lower to upper):

* Ringold Formation.
¢ Cold Creek Unit (formerly Plio-Pleistocene Unit).
¢ Hanford formation.

Geology beneath the 216-U-12 crib is described in detail in the following sections from oldest to
youngest.

2.5



2.1.1 Ringold Formation (Units 4 through 9)

Units 4 through 9 correspond to the Ringold Formation (Figure 2.2) and consist of continental fluvial
and lacustrine sediments deposited on the Elephant Mountain member basalt by ancestral Columbia and
Clearwater-Salmon Rivers during late Miocene to Pliocene time (DOE 1988). From the oldest to
youngest, the hydrogeologic intervals are the Unit 9 fluvial gravel, Unit 8 composed of the paleosol/
overbank facies beneath lacustrine fine-grained facies (Bjornstad 1984; DOE 1988; Last et al. 1989;
Bjornstad 1990), Unit 5 fluvial gravel, and Unit 4 fines.

Ringold Units 4 through 9 consist of intercalated layers of indurated to semi-indurated and/or
pedogenically altered sediment, including clay, silt, fine-to-coarse grained sand, and granule-to-cobble
gravel. Within the area of the 216-U-12 crib, this sequence consists of four distinct stratigraphic
intervals designated Units 4, 5, 8, and 9. Units 5, 8, and 9 correspond generally to Lindsey’s Ringold
Formation fluvial gravel Unit E, lower mud unit and fluvial gravel Unit A, respectively (Figure 2.2).

Unit 9. The Ringold Unit 9 gravel is located 150 m (492 ft) beneath the 216-U-12 crib and is
approximately 22 m (72 ft) thick. This unit dips to the south-southwest and lies uncomformably on top
of the Columbia River Basalt. Unit 9 is composed primarily of semi-consolidated and cemented silty
sandy gravel with secondary lenses and interbeds that can consist of gravel, gravely sand, sand, muddy
sand, and/or silt/clay.

Unit 8 (Lower Mud Unit). Unit 8 is composed of a thick sequence of fluvial overbank, paleosol,
and lacustrine silts and clay with minor sand and gravel. Unit 8 forms the most significant and
extensive confining unit within the suprabasalt aquifer system at the Hanford Site (Williams et al. 2000).
More detailed descriptions of Unit 8 (the lower mud unit) can be found in Lindsey (1995). This
unit is approximately 9 m (30 ft) thick and located approximately 141 m (462 ft) beneath the
216-U-12 crib.

Unit 5. The Ringold Unit 5 gravel is a relatively thick unit, ranging up to 76 m (250 ft) thick,
composed primarily of indurated fluvial gravel to silty sandy gravel and sand that grades upward into
Unit 4 (interbedded fluvial sand and silt). Unit 5 has not been subdivided further due to the lack of
distinctive and correlable stratigraphy or lithologic units. The saturated portion of Unit 5 comprises the
uppermost unconfined aquifer and is over 65 m (213 ft) thick beneath the 216-U-12 crib. Unit 5 overlies
the Unit 8 (Ringold lower mud unit).

Unit 4. The Ringold Unit 4 is only locally present in the 200 West Area, and consists of fluvial
sand and silt that overlies the Ringold Unit 5 gravel. This unit is present in the wells surrounding the
216-U-12 crib. More information on the areal extent and details of this unit can be found in Lindsey
(1995).

212 Cold Creek Unit (formerly Plio-Pleistocene Unit) (Units 2 and 3)

Units 2 and 3 represent relatively thin but significant depositional units that are post-Ringold and
pre-Hanford sedimentation. Unit 3 is a calcic paleosol horizon that has developed on the eroded Ringold
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Formation (either Unit 4 or 5). Unit 3 is commonly referred to as the calcic sequence (or “caliche”
zone) and is also referred to as the lower Cold Creek Unit (CCUj). Unit 2 is described as an overlying
fine-grained overbank-eolian sequence considered to belong to the upper portion of the Cold Creek

Unit (CCU,) (DOE 2002). It is equivalent to what has been called the early “Palouse™ soil

(Connelly et al. 1992) and/or Plio-Pleistocene Unit in previous reports. Unit 3 is easily differentiated
from the underlying (Unit 5) and overlying overbank-eolian sequence (Unit 2) because it is highly
weathered, heavily cemented with calcium carbonate, poorly sorted, and shows a distinct decrease in
natural gamma activity compared to the upper Unit 2. The Unit 2 is very fine grained, un-cemented,
consisting of alternating thin lenses (typically less than 15.2 cm [6 in.]) of very fine sand to silt and clay,
and has a relatively high natural gamma activity. The stratigraphic contact between the Unit 3 and the
Ringold Unit 4 or 5 is fairly distinct and sharp, whereas the contact between the Unit 2 and the overlying
Hanford Unit (H2) is gradational, dependent on grain size. In most cases, geophysical gamma logs
greatly improve the accuracy of these correlations. Figure 2.5 illustrates these contacts beneath the
facility.

At the 216-U-12 crib, the Unit 3 is relatively thick, ~4.6 m (15 ft). Unit 2 is ~9.1 m (30 ft) thick.
Unit 2 is located approximately ~45.7 m (155 ft) in depth below the surface.

2.13 Hanford Formation (Unit 1)

The Hanford formation is the informal name given to Pleistocene-age cataclysmic flood deposits in the
Pasco Basin (Lindsey et al. 1994). It consists predominantly of unconsolidated sediments. which cover a
wide range in grain size from pebble- to boulder-gravel, fine- to coarse-grained pebbly sand to sand, silty
sand, and silt. Gravel clasts are composed of mostly subangular to subrounded basalt. Beneath the
216-U-12 crib, the Unit 1 consists of essentially two facies. the lower facies (Hanford H, unit) is
composed of fine-grained sand to sandy silt that ranges from 32 to 30.5 m (105 to 100 ft) in thickness.
This fine-grained facies is overlain with a fine to coarse sand to sandy gravel sequence that is approxi-
mately 16 m (53 ft) in thickness. This coarse grained interval is designated the Hanford H, unit. The
subtle but sharp contact between the two facies is indicated by slightly gravelly sand to sandy gravel
above the thick fairly uniform fine sand of the H, unit. This contact is easily distinguishable with the aid
of geophysical gamma logs at a depth of about 15.8 to 16.8 m (52 to 55 ft) (Figure 2.5).

2.2 Hydrogeology Beneath the 216-U-12 Crib

Information on the vadose zone and the suprabasalt aquifer system at the 216-U-12 crib is obtained
from well-log data for wells and boreholes surrounding the facility and from published reports. In the
200 West Area and vicinity of 216-U-12 crib, Williams et al. (2002) used data from borehole and
groundwater monitoring to subdivide the suprabasalt sediments into two aquifers, an upper unconfined
(Hanford/Ringold unconfined) aquifer and a lower confined (Ringold confined) aquifer. The
hydrogeology beneath the 216-U-12 crib utilizes their interpretation.

The uppermost aquifer beneath the 216-U-12 crib is unconfined: the aquifer comprises the saturated
portion of the Upper Ringold Unit 4 and Ringold Unit 5 and is approximately 65.3 m (214 ft) thick
(2003 measurement). Most known contaminant plumes that emanate from the 200 West Area migrate
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through Unit 5 toward the east. The groundwater flow direction is approximately toward the southeast
and is estimated based on water-level measurements taken in network and surrounding wells
(e.g.. Figure 2.1-1 in Hartman et al. 2003).

Site-specific hydraulic conductivity values, derived from slug test data at well 299-W22-79 near the
216-U-12 crib, range from 4.2 to 5.4 m (13.8 to 17.7 ft) per day (Spane et al. 2001). These values are
within the range of hydraulic conductivities presented in Table 2.1 that have been calculated for
hydrogeologic units beneath the 200 West Area. These data reflect averages of data collected from wells
throughout the Central Plateau. Based on these values and parameters listed in Hartman et al. (2003,
Table A.2), the groundwater flow rate (Darcy velocity) ranges from 0.02 to 0.08 m (0.1 to 0.3 ft) per day.

Table 2.1. Hydraulic Conductivities for Major Hydrogeologic Units

Estimated Range of Saturated
Hydrogeologic Unit Hydraulic Conductivities (m/d) Reference(s)

Unit 5 0.1 to 200 Waurstner et al. (1995); Thorne and
(Ringold Formation Unit E) Newcomer (1992)

Unit 8 0.0003 to 0.09 Waurstner et al. (1995); Thorne and
(Ringold Formation Lower Mud Unit) Newcomer (1992)

Unit 9 undifferentiated 0.1 to 200 Wurstner et al. (1995); Thorne and
Ringold Formation Unit A Newcomer (1992)

Note: This table is modified from Cole et al. (1997).

Within the 200 West Area. including the 216-U-12 crib, the water table is declining rapidly due to
site-wide cessation of past (non-permitted) liquid effluent disposal practices. Hydrographs for
monitoring wells near the 216-U-12 crib are presented in Figure 2.6. The falling water table is causing
wells that monitor the 216-U-12 crib and surrounding monitoring wells to go dry (Figure 2.6). The
preferred method used to intercept and monitor the uppermost aquifer flow zone(s) requires installation
of longer screens to maximize the life of the well due to rapidly declining water levels. Monitoring
screens are being installed up to 10 m (35 ft) long depending on location and aquifer thickness.

It is not known if preferential paths of groundwater flow exist in this thick uppermost aquifer, or if
flow paths are changing due to falling water levels, because existing Unit 5 hydrogeologic data has not
supported subdivision of the unit into more discrete flow zones. However, the depositional nature and
character of this unit, and the lithologic variability between boreholes, indicates that lithologic variations
do occur on all scales: the intrinsic hydrologic properties will influence groundwater movement.

The vertical variability in contaminant distribution in the aquifer near the 216-U-12 crib has been
evaluated. Data from nearby wells indicate that contaminants from other disposal operations have spread
vertically and laterally throughout most of the unconfined aquifer beneath the 200 West Area
(Williams et al. 2002). For example, carbon tetrachloride, tritium, and nitrate have all been detected at
depths below the screened interval in well 699-36-70A, located over 900 m (2,950 ft) downgradient of
the 216-U-12 crib (Williams 1995).
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Figure 2.6. Hydrographs of Wells Monitoring the 216-U-12 Crib

The top of Unit 8 (lower mud unit) comprises the base of the uppermost-unconfined aquifer
(Williams et al. 2002). South of the 216-U-12 crib the vertical hydraulic conductivity of Unit 8, as
measured from a splitspoon soil sample collected in well 299-W27-2, is 0.051 m (0.17 ft) per day and
falls within the expected range reported by Thorne and Newcomer (1992) (Table 2.1). Unit 8 (lower
mud unit) is an aquitard and separates and confines groundwater in the underlying Ringold Unit 9 gravel
(confined Ringold aquifer) from the unconfined aquifer in Unit 5. Groundwater in the confined Ringold
aquifer is interpreted to flow laterally through Unit 9 gravel due to the thickness and relatively low
vertical hydraulic conductivity of the overlying confining Unit 8.

Regionally, groundwater in the confined Ringold aquifer flows from west to east similar to ground-
water in the uppermost unconfined aquifer. In the 200 West Area and around the 216-U-12 crib, it is
more difficult to determine flow direction because there are currently no wells completed within the
confined Ringold aquifer. Limited data are available below the confining Unit 8 (lower mud unit) for the
200 West Area; however, groundwater heads measured in several deep/shallow well pairs, and deep
wells drilled into the Ringold Unit 9 confined aquifer (e.g., Johnson and Horton 2000) indicate a
downward vertical hydraulic gradient beneath the 200 West Area from the unconfined Unit 5 into the
confined Unit 9 (Williams et al. 2002).

Beneath the 216-U-12 crib, groundwater in the uppermost unconfined aquifer is assumed to be
isolated from groundwater in the confined Ringold aquifer by Unit 8 (lower mud unit). Intercom-
munication between Units 5 and 9 is assumed to be insignificant beneath the 216-U-12 crib because
groundwater flow through Unit 8 is extremely low due to the thickness and relatively low permeability
of the confining unit.

The vadose zone beneath the 216-U-12 crib is approximately 76.4 m (251 ft) thick. The vadose zone
includes hydrogeologic Units 1, 2, 3, and the upper, unsaturated portion of Units 4 and 5 (Figure 2.2).

29



Figure 2.5 provides input to the conceptual model for the area near the 216-U-12 crib and includes
depths, relative thicknesses, and hydraulic relationship of the hydrogeologic units beneath the facility.

Recharge to the unconfined aquifer beneath the 216-U-12 crib is from artificial and possibly natural
sources. Any natural recharge that occurs originates from precipitation. Estimates of recharge from
precipitation range from 0 to 10 cm (0 to 4 in.) per year and are largely dependent on soil texture and the
type and density of vegetation. While the liquid waste disposal facilities were operating, many localized
areas of saturation or near saturation were created in the soil column. Artificial recharge from years of
liquid effluent disposal accounts for most of the liquid influx to the aquifer and is the main driver and
transport medium for potential contaminants disposed at the facility.

The downward flux of moisture in the vadose zone decreased with the cessation of artificial recharge
in the 216-U-12 crib. Areas with high residual water saturation in the sediment will result in continued
gravity drainage for an unknown period of time. When stable unsaturated conditions are reached, the
moisture flux into the aquifer becomes less significant. In the absence of artificial recharge, the potential
for recharge from precipitation becomes more important as a driving force for any potential contami-
nation remaining in the vadose zone.

2.3 Conceptual Model

A groundwater conceptual model is an evolving hypothesis that identifies the important features,
events and processes that control groundwater and contaminant movement (Hartman 2002). Conceptual
models are based on data results, field observations, and previous studies and form the basis for future
investigations and data collection objectives. The characteristics of the hydrogeologic and source
conceptual model developed for the 216-U-12 crib are described in the following paragraphs.

A detailed conceptual model for the 216-U-12 crib is presented in Williams and Chou (1997). The
following characteristics and working assumptions summarize that conceptual model for the 216-U-12
crib:

¢ Most of the hazardous (corrosive) waste that went into the crib was strongly acidic, composed
primarily of nitric acid. This waste was also radioactive. Total volumes disposed to the crib
exceeded 1.33 x 10° L (3.5 x 107 gal) from 1960 through 1978 (Maxfield 1979). The crib was
permanently retired in 1988.

e The contaminated effluent infiltrated beneath the crib into the vadose zone, but the corrosive waste
was neutralized by natural occurring calcium carbonate cement in vadose sediment before it reached
groundwater. Most radioactive waste constituents remain sorbed, by design, to sediment in the thick
vadose interval (>68 m [225 ft]) (Smith and Kasper 1983).

« Although process information suggests several mobile constituents may have been released to the
crib (Figure 2.7), groundwater monitoring indicates that nitrate and technetium-99 (not RCRA
dangerous waste constituents) are the only significant contaminants of concern that have been detected
(Williams and Chou 1997). Nitrate and technetium-99 are mobile in the groundwater. The vadose zone

2.10
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Figure 2.7. Conceptual Model Developed for the 216-U-12 Crib

is a continuing source of these constituents to the groundwater. Both nitrate and technetium-99
concentrations are declining as residual drainage from the vadose zone beneath the crib decreases.

» Nitrate and technetium-99 concentrations are higher in far field monitoring well 699-36-70A than in
the wells immediately downgradient of the crib. This is due to the long groundwater travel time
between the 216-U-12 crib and this well and reflects the passing of the higher concentration portion
of the migrating plumes (i.e., reached groundwater years earlier than what is currently detected near the
crib).

e The contaminant plumes extend east from the crib and mingle with other similar contaminant plumes
from nearby and adjacent waste disposal facilities (e.g., 216-U-8 crib) creating a larger area of
contamination downgradient of the 216-U-12 crib.

e Declining water levels in the 200 West Area have stranded some 216-U-12 wells above the water
table and reduced the ability to track plumes and confirm these contaminant declines. Existing and
replacement wells have indicated groundwater flow direction at the 216-U-12 crib has been
essentially unchanged since monitoring began (June 1992 water-table map, Reidel 1993). No
residual groundwater mound was ever observed.



The conceptual model developed for the 216-U-12 crib is that, during operation, semi-saturated to
saturated flow conditions existed beneath the facility (Figure 2.7). The acidic liquid waste saturated into
the vadose sediment where neutralization occurred as the waste moved deeper through calcium carbonate
containing sediment. The buffering capacity of the thick sediments of the vadose zone was determined
adequate to neutralize all nitric acid waste, liberating the nitrate anion which does not interact with
sediment and thus continued to migrate with water through the vadose zone. Because technetium-99 also
has essentially zero retardation, it also traveled with the nitrate in water migrating through the vadose
zone to the aquifer.

The consistent relationship between the constituents indicates that the hydrogeologic processes
acting on nitrate and technetium-99 and the migration pathway are essentially the same. RCRA assess-
ment groundwater monitoring results downgradient of the crib indicate that continued migration of
neutralized reaction constituents (nitrate and associated radionuclides) is still occurring. Continued
drainage of mobile constituents from the vadose zone is expected based on vadose-transport modeling,
which has estimated that the travel time for natural moisture within the vadose zone to migrate to the
aquifer can take many years (Fayer and Walters 1995).

2.12



References

40 CFR 265.92. U.S. Environmental Protection Agency. “Interim Status Standards for Owners and _
Operators of Hazardous Waste Treatment Storage, .and Disposal Facrhtres Groundwater-Momtormg, '
Samplmg and Analysis.” Code of Federal Regulatrons :

40 CFR 265 93(c)(2). U. S. Environmental Proteetron Agency “Interim Status Standards for Ownets and
Operators of Hazardous Waste Treatment, Storage and Disposal Facilities; Groundwater Momtormg, '
Preparation, Evaluation, and Response ” Code of F edeml Regulatzons S

40 CFR 265 94{d)(4) U.s. Envrronmenta] Proteetlon Agency “Internn Status Standards for Owners and
Operators of Hazardous. Waste Treatment, Storage, and Disposal Facrhtres Groundwater—Monrtormg, o
Recordkeepms;r and Reportrncr ? Code of Fedeml Regularions. S

Atomic Energy Act of 1954. 1954, Chapter 1073, 68 Stat. 919, 42 USC 2011 etseq.

Bjornstad BN 1984, Supmbasalt Stratrgraphy Within and Adjacent to the Reference Reposzrory :
Location. SD BWI-DP 039, Rockwell Hanford Operatlons Richland, Washington.

Bj ornstad BN 1985, “Late Cenozo1c Strat: oraphy and Tectonic Evolution Wrthrn a Subsrdmg Basin,
South-Central Washmgton ? Geologzcal Society of America, Abstracts with Programs V. 17 P- 524

BJornstad BN. 1990. Geohydrology of the 218-W-5 Burial Ground, 200-West Aréa, Hanford Site.
PNL-7336, Pacific Northwest Laboratory, chhland Washington. '

Brodeur JR, RK Price, RD Wilson, and CJ Koizumi. 1993 Results of Spectral Gamma-Ray Logging of
~ Select Boreholes for the 200 Aggregate Area Ildanagemenr Study. WHC-SD-EN-TI1-021, Westin ghouse
Hanford Company, chhland Washington.

Byrmes ME and BA Williams. 2003. Data Quality Objectives Summary Report for Establishing a
RCRA/CERCLA/AEA Integrated 200 West and 200 East Area Groundwater Monitoring Network.
CP-15329, Rev. 0, prepared by Fluor I—Ianford, Inc., for the U.S. Department of Energy, Rrehland,
Washington.

Byrnes ME and A Robinson. 2003. Data Quality Objective Summary Report Supporting the 200-UP-]
Operable Unit Remedial Investigation/Feasibility Study Process. CP-15313, Rev 0, prepared by Fluor
Hanford, Inc., for the U.S. Department of Energy, Richland, Washmgton '

- Cole CR SK Waurstner, MP Bergeron, MD Williams, and PD Thome 1997, I?’iree-Dzmenszonal
Analysis of Future Groundwater Flow Conditions and Contaminant Plume I ransport in the Hanford Site
Unconfined Aguifer System: FY 1996 1997 Status Reporz‘ PNNI-11801, Pac1ﬁc Northwe st National
Laboratory, R 1ehland Washington. '

Ref.1



ConneIly MP, BH Ford, and v Borghese 1992 Hydrogeologzc Model for the 200 West Groundwater
' Aggregate Area. WHC- SD-EN—TI—014 Wesﬁnghouse Hanford Company, Richland, Washmgton

DOE. 1988.. Consultation Dmft Site Characrerzzanon Plan, Reference Reposztary Loeatzon Hanford '
Site, Washzn.gton DOE/RW- 0164, Vols. 1 and 2, U. 8. Department of Energy, Office of Civilian
Radioactive Waste Management, Washlngton, D.C. s ,

DOE. 1999. 200 Areas Remedial Investzgatzon/F easibility Study- Implernentatzon Plan-Environmental
Resz‘omtzon Program. -DOE/RL-98-28, U. S. Department of: Energy, Rlchland Operatlons Ofﬁce,
Richland, Washington. : : :

DOE. 2002. Stendardized Snﬂat'igmphic Nomenelatufefbr Post-Ringold F ormation Sediments within =~
the Central Pasco Basin. DOE/RL-2002-39, Rev. 0, U. S Department of Energy, Richland. Opera‘tlons
Off“ ce, Richland, Washmgton

DOE. 2003a. Facused Feasibility Study for the. U Plant ClosureArea Waste Sites. DOE/RL 2003-23,
Draft A, prepared by Fluor Haniford, Inc. for the U.S. Department of Energy, Richland Operatlons Ofﬁce,
Richland; Washington. :

DOE. 2003b. Proposed Plan for the U’Plam Closure Area Waste Sites. DOEfRL 2003-24, Rev. 0 |
Decisional Draft, prepared by Fiuor Hanford, Inc. for the U.S; Department of Energy, R1ch1and
Operations Ofﬁce Richland, Washington. -

Ecology Washington State Department of Ecology, U'S: Env1ronmenta1 Protection Agency, and.
U.S. Department of Energy. 1989. Hanford Federal Fac:lity 4 greemient and Consent Order. Document
No. 89-10, as amended (The Tn-Party Agreement), OIympla Washmgton '

EPA. 1983 a5 amended. Methods for Chemzcal Anai’yszs of Waz‘er and Wastes EPA-600/4- 79- 020
U.S. Environmental Protection Agency, Washington, D.C. - :

EPA. 1986, as amended. Te,s:t Merhods Jfor Evaluating Selid. Waste Physical/C’hemical Methods, |
SW-846, Third Edition. Office of Sohd ‘Waste and Emergency Response US. Env1ronmental Protectlon
Agency, Washmgton D.C. : :

EPA. 2001, as amended. EPA Reguirements for Quality Assumnce Project Plans EPA/240/B 01/{)03
(EPA QAfR -5), U S Envxronmental Proteetlon Agency, Washmgton D. C. ' :

. Fayer MJ and TB Walters. 1995 Est.tmated Recharge Rates at z‘he Hanford Sn‘e PNL-10285; PaC]_ﬁC L
Northwest Laboratory, Rlehland Washmgton ' :

Fecht KR, SP Reidel, and AM Tallman. 1987. “Paleodramage of the Columbla Rlver System on the
Columbia Plateau of Washington State - A Summa:ry ” In Selected Papers on the Geology of Wash-

ington, J. . Schuster (ed. ), Washmgton State Division of GeoIogy and Earth Resources, Bulietm 77,
p. 219-248.

R'ef.2-. '



Graham MJ, MD Hall SR Strait, and WR Brown. 1981. Hydrology of the Sepamtzons Area.
RHO-ST-42, Rockwell Hanford Operauons Rlchland Washington. -

Hartman MJ. 2003, Groundswater Monitoring Plan for the 1301-N, 1324-N/NA, and 1325-N RCRA

_ Facilities-_. PNNL-13914, Pacific Northwest National Laboratory, Richland, Washington.

Hartman MJ, I.F Morasch, and WD Webber (eds.). 2003.. Honford Site -Groun&yater Monitoring for
Fiscal Year 2002. PNNL-‘14187 Pacific Northwest National Laborato'ry, Richland, W ashington.

Jensen EJ, SP A1rhart, SM Goodwm SH Hall, and DR Newcomer 1990.. Interim-Status Groundwater |
Monitoring Plan for the 216-U-12 Crib. WHC—SD-EN—AP~019 Rev. 0, Westinghouse Hanford -

' Company, Rlehland Washmgton

Johnson VG and DG Horton. 2000. Borehole Data Package for Wells 299-W22-48, 299— W22—49 and

- 299-W22-50 at Smgle-ShelI Tank Waste Management Area S-SX. PNNL-13200, Pacific Northwest -

Nahonal Laboratory, Rlchland Washmgton

Kelty GG KA Lmdsey, SE Koss, and RK Price. 1995. Borehoie Summary Reporr Jor the 200—UP-2
Operable Unit, 200 West Area. BHI-00034, Rev. 1, Bechtel Hanford, Inc. . Richland, Washmﬂ'ton

Last GV, BN Bjomstad MP Bergeron DW Wallace, DR Newcomer, JA Schramke, MA Chamness, ‘
CS Cline, SP Airhart, and JS Wilbur. 1989. Hydrogeology of the 200 Areas Low-Level Burial Grounds -
An Interzm Report. PNIL-6820, 2 Volumes Pacific Northwest. Laboratory, Richland, Washmgton

LmdseyKA 1995. Miocene- fo Pliocene-Aged Supmbasalt Sediments of the Hanford Site, South-
Central Washington. BHI—()0184 Rev. 0, Bechtel Hanford, Inc., Richland, Washington.

Lindsey KA, JL Slate; GK J aeger KJ Swett and RB Mercer. 1994. Geologic Setnng af the Low—Level
Burial Grounds. WHC SD-EN-T1-290, Rev. 0, Westmghouse Hanford Company, Rlchland Washmgton'

3 Maxfield HL. 1979. Handbook 200 Areas Waste Sites. Vols. I and 3. RHO-CD- 673 ]Rockwell

Hanford Operatlons, Rlehland Washmgton

Myers CW and. SM Price (eds.). 1981. Subsmface Geology of the Cold Creek Synchne

RHO-BWI—ST—]4 Rockwell Hanford Opera‘aons Richland, Washington.

Reidel SP. 1993. Characterization. Report C—OI SH Dzspo.sal Siting Evaluation._ WHC-SD-C018H- '

“RPT-001, Rev. 0, Westmohouse Hanford Company, Richland, Washmgton

Reidel SP, VG Iohnson and NW Kline. 1993. .Groundwater Impact Assessmem Jor the 216-U-17 Crzb
200 West Area. WHC-EP- 0664, Westinghouse Hanford Company, Richiand, WashanTon

Resource Conservation and Recovery Act (RCRA).- 1976 Pubhc Law 94-580; as-amended, 90 Stat.
2795, 42 USC 6901 et seq. -

Ref3



Smith RM and RB Kasper 1983. Servzceabzhty of Crzbs Aﬁcted by PUREX Startup RHO-HS-EV 18,
Rockwell Hanford Operations, Richiand, Washmgton -

Spane Jr. FA, PD Thorne, and DR Newcomer.- 2001. _Resulrs of Detailed Hydrologic Characterzzatzon
Tests - Fi iscal Year I 999 PNNL-13378, Pac1ﬁc Northwest Nattonal Laboratory, Rlchland Washmgton

“Swanson LC. 1996. Engzneermg Evaluanon/Conceprual Plan jbr the 200- UP-I Groundwater ‘Operable |
Unit Interim Remedzal Measure BHI-00187, Bechtel Hanford, Inc Rlchland Washmgton

Tallman AM, KR Fecht, MC Marratt, and GV Last 1979. Geology of the Separanons Areas, Hanford
~ Site, South-Central Washmgron RHO—ST-23 Rockwell Hanford Operations, Rlchland Washmgton

Thorne. PD and DR Newcomer. 1992. Summary and Evaluation of - Avazlable Hydraulzc Properzy Data
.. for the Hanford Site Unconf ned Aquyfer System PNL 8337 Pacific Northwest Laboratory, Rlohland
Washmgton : : :

. Thorne PD, MA Chamness, FA Spane VR Vermeul, and WB Webber 1993. Mree—D:menszonal
- Conceptual Model for the Hanford Site Unconfined Aquy"er System, FY 1993. PNL-8971 Pamﬁc B
Northwest Laboratory, thhland Washington. - :

_ WAC 173 160.. “Standard for the’ Constmctmn and Maintenance of Wells . Washmgton Adm1nlstratrve=
"Code, Olympla Washmgton . : . o :

WAC 173-303. “Dangerous Waste Regulatlons ” Washmgton Admm1strat1ve Code, OIympla
- Washington. :

Williams BA. 1995 Borehole Data Package for the 21 6 U—IZ Crib Well 699-36- 704, C'Y 1 994
WHC-SD- EN—DP-O91 Westlnghouse Hanford Company, Richland, Washmgton .

: Wllltams BA and CJ Chou 1993 Interrm—Status Groundwater Qualzty Assessmenr Plan for the .
- 216-U-12 Crib. WHC- SD-EN-AP-108, Rov 0, Westinghouse Hanford Company, Richland, Washington.

Williams BA and CJ Choo 1997. Resuits of RCRA Groundwater Quaffty Asséssmén’t Program at the _
216-U-12 Crib. PNNL 11574, Pacific Northwest National Laboratory, R1ch1and Washmgton '

Williams BA and CJ Chou. 2003. Momrormg Plan for RCRA Groundwater Assessment at the 21 6—U 12
* Crib. PNNL-14301, Pacific Northwest Natlonal Laboratory, Rlchland Washmgton :

Wllhams BA, BN Bjomstad, R Schalla and, WD Webber 2000. Revzsed Hydrogeology for the -
Suprabasalt Aquifer System, 200-East Avea and Vicinity, Honford Site, Washmgron PNNL-12261,
Pacific Northwest National Laboratory, Rlchland Washirigton. - :

Williams BA, BN.Bjornstad, R Schalla and WD Webber. 2002 Revised Hydrogeology for the. - -
Suprabasalt Aquifer System, 200-West Area and Vicinity, Hanford Site, Washington. PNNL 13858,
Pacific Northwest Natlonal Laboratory, Richland, Washington. _

Ref4d



Wurstner SK, PD Thorne, MA Chamness, MD Freshley, and MD Williams. 1995. Development of a
Three-Dimensional Ground-Water Model of the Homford Site Unconfined Aquifer System: FY ] 995
Status Report. PN1.-10886, Pacific Northwest Laboratory, Richland, Washington.

Ref.5



- Appendix A

N etw_ork Well Information



WELL SUMMARY SHEET

jwali 10:.

5855’2.

el Neme: é??_ wzz—-'79

~{Location; Y i 50’(‘% 'FU—P[qrﬂL Zoow

Projed: !?99 Rerd D)"‘lfllt‘!.c?.

* {Prepared By ])(‘/ ddecées

IDale j/zg/qa ‘Rewewed By' f‘g % TV /a: :

Slgnature' / S:gnalture g’c f?ﬁ . o S
. CONSTRUCTiON DATA 5 Lh" EOLOGICIH’YDRGLDG!GDATA
R _ e”f in.
: L Descnpt:on - s, Diagram ' :Fegt ' Gr':'arg;uc Lstholog!cnescnphon
;_ ,.haﬂ g__&ggp ig;e e R odee, T A
e S

aqsmg -

' 4" D 7};@.304‘— :ﬁra[esr rvfeaf
" SF_'r" 2; G.q. 2%2 07

JJ-

com‘mw:x wire

| Z304'— 282.6°

e 20y steinkss sf‘«_{ |

?ncfme.cfwm Jme:) RS 11t

&/orq@é S"ﬁczr anl/l’o—%maﬁ .. | &

@m@@ﬁ%ﬁ“

e ) o e L L

i
2,

it

P

27

1
7

i
WSS
AR

AN

LR

sy
0.,

SR

| ’5!::&3_]1 28267 j?_ﬁé.o_

o

AR

-

land qs_:_ncl.m-&_cl

o e e

T

|l 09 23T ||

e |||

g
ol
L
JEe Lt
o 20d]
= K
<870l
ok
- u,
=, |
a4
ul
.: 3
4
=

TR

a
[EEREREL

5’0———

otz si H\; sanb.

i hvm -rfufhmaf@sng ;

‘?s'--?s . Si Hq SAND

132" Jsa SAN;:

—28‘5
28 Gravelly SAN)

-

| 2‘!—5-—27:: S'q:ldfv szEL

= -rpa % 9/25/98

Ali_dafrkﬁasmn_&_l.wqw

Al




B T -

S SR TP AT e RN 0 S LTI NSOy FERRUSL

P o—mnn fﬂaauc.ngngsg..ﬁ o _zmazQ mmm..umlqg 1 _umm onm :
. " HOMITORDIG WELL INSTALLATION : Totsilepth: 430 [Stetic Water Levek: 25785
T aﬁno._aﬁnan.a.ﬂ R mimo...m_nﬁmua . 70274 - |Casing Elevation: = . OS43|

. ‘. Ter Fack 20-40 MESH SILICA SADFRON 2489 TO8S . .
mﬁﬂg 55%8.%«&555:%&33?«;

. Cowe o LRE ,. e . Eonn commm
- - : mn!ﬂFR s | *-»nu | T : " 3 X

] SR
A FEL - uas..ﬁ_as.

ANINY
ST TN TDITOTITIT 0T8T S 0 T g

| Py sesamysuo

AN

11 srayse 0 | L
115 nwsereyswo o ’
| et uﬁ.s.ﬂa_&&mks. :

SRR STH TN U

N e T e S L b A AT IR T TV TR SR

STV TSR TN O

U - rozaeye @Y
38« 21 R

AT LA LAY AN

i ﬂnno.ﬁia.ﬁu :
s m : g&a&ﬁ.ﬁzoﬁ.ﬂ .

A2




eV

\\ \\‘\‘\*\\\‘\‘\‘\T\\\‘\‘\‘7.‘\‘\‘\‘\‘\\\‘\.\Q\\k‘\‘\‘\\ﬂ\‘\‘\\—\1\‘\\\“\\\‘\‘\\\‘\‘\‘\‘\‘\‘\\ \(‘\‘\‘\\\"\\

\‘\‘\\\\O?‘\‘\‘\‘\‘\‘\T\E_\\ ‘\‘O\‘\‘\‘\‘\‘\‘\‘\‘\\\\\‘\‘\‘ ‘Q\A‘\‘\"\‘\"\‘ ) “\\\\\\\\ ‘\\\‘\‘\‘\\\‘\\\‘\‘}t-

fop e - R .
A S R D R e T AT

1SN TIaN

| ovmoounondes. . %

» ~ : -
— e k| m

T e T

[mzsted | T




. ™ [ - TSR —

A paed

bV

g panoppey

18' |

. .u_uﬁn.- T

e

nama..ﬁﬁ!s..ﬁ 029~

(5OVZ DL BTHT) SETTE
SLNOINGG KSR 8/E |

oz ] TG

S

LA IR AT IR R IR I AT TR

St

Beemmena—d

B R . I
&

PRI TA A TA TR TR T R AT

ASANA AN A VAN A A Y

L AR IR IR

o mﬁgm%mm._



JProject: wrtrie-ug ovs rema caommTTE

42 ok

o B + i1 = gt
BRI N R e B

X

mm——z_-)

o

N

AS




A6




ﬁaﬁ o TR Wel No: 895-38-T0A
gg_ﬁmdwﬂawﬂﬁg = N Page 8ot 6.
g . . Sross Gamsa  |X Cally mmsvmmen .
e e hed J.. YMWPJ Eractic e Loe Brmgoairse L2 Hokit ﬁlp_u.og
T ' L s -k ._ﬂnﬁd
. . % 1 . 1
4401 ToraL DEFIH = A |Cw .
L oo B v .
450+ el
480, s2p
480~ a0
Laro L]
470 ar04
220 880
. 4804  agod
"] - 250 .
§' hsl
347 840
E00 500-
L 250 =830
10+ 510
. 820 820
£20- 520
- L= ) 2 5.2

AT




Appendix B

Data Logs for Well 299-W22-75



| S to[ler

Grand Juincrion Office ."MMJM o . o
299-W22-75 (A7879)
- Log Data Report
Borehole Inforgatmn. L _
'Bomhole: zgswzz-rsgmam) T - Site:_ 21@u 12 Crib
I 'BOorﬂir_u_at_es {WA State Plang) GWL MNotreached.. . - GWL Date: 5!”%3
North = . - cBast - - Dﬂ!! Data TOC!EIevatlon :TomlDep_th.(ﬁ) : Type
13448042 m- 567,59519m | Aprit1982 |- 211586 m. : 17625 ] Cabletool
Cas‘?ing”lhforméﬁon: .
_ . _Ower  inside . _ ]
. - . .‘Diameter = Diameter = Thickness = Top  Boftom
Cas;inﬂ'gpe . Stickup(f) - in) - (n) . Gny- @ - g |
- Fhreaded Steel . 125 . 6WA6 0 6. - 0344 - 4125 169 -
“Threaded Steel -~ . 0.5 . '85/8° . Unknewn - Unknown. 0.5 . 60 -

| The loggmg engmeer ‘measured the casing stickup usmg & steel tape, A cahperwas uised to determine the :
- | outside casing;diameter. The caliper and inside casing diameter were measured using a sbeel tape, and .

meammemnts were: rounded to the nearest 1/16 in. Casxgg thlcknﬁs was ca]cu!ated

Borehole Notes- -

Borelhole coordmates, elevatlon, and weli construction mformatlon, as shown in the above tables, are: ﬁom

- measurements by Stoller and Duratek field personnel, Ledgerwood (1993), and HWIS®. Zero refetence is -

the iop of the 6-in. casing. Grout is not present at the surface i in the annulus 'between the casings butis .
obse:vedon the ground surface surrounding the 8-in. casing.

_ __gang Egmgment Informatlon.

ggings:ﬁtem: ':GammaZE T T Type: 70% HpGe;34TP4oss7A2 '

Calibration Date: ___03/2003 _ _Callbration Reference: _GJO-2003-430-TAC
R ] Loggi_r_._gpmedum MAGHGLF 165, Rov.0

Loy }glﬁngSyg't'em:' . _.Gamma 1C _ o I Type: High RateDetectcr(39A314)

Calibration Date: - 04/2003 ‘Calibration Reference: = J0O-2003-429-TAC .

Logging Procedure' MAC HGLP 1.6.5, Rev. 0

| §m_'tral Gamma Logggng System (SGLS\ ] 0% Run lnformatlon'

Loy Run 1 T 2 “3 ' 4 Repeat
Bate - ) CHI22103 - 522103 . 5[27/03 5127103

ﬁng_ing_Engin_eer . Spatz ) Spaiz Spatz - - Spalz.
Stait Depth (f) 176.0 |- 59.0 s 440 - 82.0
Finish Dgpth (R) . 88.0: 43.0 2.0 . 64.0
Count Time {sec) . 100 - B0 200 100
Live/Real . . R | R | R R

‘Pagel -

BA



[togRun [ 1 1.2 [ 3 | alRepeat |
Shield (Y/N). N R AR

MSA Interval () ST R DR P B N AT

fifmin_ - NAY O UNIAT TN T NAAL

‘Pre-Verification | BEO31CAB BEOSICAB | ~BE032CAB | BEO32CAB | -

[ Swerifile - BEO31000 _BED31119 | - BE032000 | -BE032043

{FinishFlie . | BEO31118 |  BE031935 |  BE032042 | BE032081. [

" [Post-Verification = | BEQ31CAA BEO31CAA | . BEO32CAA |- BEGR32CAA |
‘Depih' Return Ao e S R CE I
Ao NS e 0. i

CFComments ¢ [Finegain. - {'Nofine-gain - {'Nofine-gain. ' F'Nofine-gain .| - .
oL D T L adjusiments: . - adiustment. - | adjustment. - .| adjustment, e

"m_ada_afﬁef e i R o E

flles: -012,

023, 077,

and -118. -

'_n' System

—FiRepeat T

-Logﬁﬁni--

Date . | 60303 | 60303

qlogging. | lgaae o]
L Enginesr | Spatz'. - - - Spaiz .

Start Depth () o | %0

{FinishDepth (/) | 20.0 240

1 Count Time ™ -
(sac) - 300 300 .

Live/Rgal .~ - R . R

- Shield {Y/N): N N

M3SA Interval. ' g
1. oA

() : : . 0. : 0
-NIA - - N/A -

ft/min

Pre-Veriicaion | AGD71CAB | AGO71CAB |

Start File - ACO72000 ACO72008

Finish File ACQ72007 - ACO72010 -

Post- : :
. | Veerification ACO_T?-%A | ACOT2CAA

Depth Relumn “NIA Ll a0
‘Error (in.) )

‘Comments - .| Nofine-gain -~ | Nofine-gain

adjustment. ‘| adjustment.
Logging Operation Notes: -

Zeio réference was top of the 6-in. casing. Logging was pecformed with a centralizer installed on the sonde.
.Pre- and post-survey verification measurenients for the SGLS were acquired with the Amersham KUT.
- (“K, %, and P*Th) verifier with serial number 118. HRLS data were collected usimg Gamma 1C. Pre- ~
and post-survey vetification measuréments for the HRLS were acquired with the *'Cs verifier with serial -
number 1013, - : . o : . S SR

‘Page2 -
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Analgsls Notes' .

- Analyst I Subczyk [ Data' | 6!5]03 | Refemnce. I GJO-HGLP 1 6 3 Rev U |

: SGLS pre-mn ami post-mn venﬁcauon spectra were ccrllected at the begmmng and end of the day Allof
- the verification. spectra were within the control limits exceps for pre-run verification spectrm BE031 CAB o

BE03 AR was below the lower coritrol limit for the 609-keV, 1461-keV, and 2615-keV fuﬂ-mdth at
half-maximum values. The peak counts per second {cps)at the 600-keV, 1461-keV, and 2615keV. .
photopeaks o the post-rin verification spectra as compared to the pre-run verification spécira for each day
were between 0.3 and 2.4 percent lower at the end of the'day. Exarninations of mﬁa ‘indicate that the :

: detechar appears to have functmned nofmally during loggmg, and the speclta are accepted

- HRLS pre-nm and post-run ver:ﬁcatlon spectra were co]lected at the’ begmnmg and end: of the day The
-(HRI.S)

-I.og spectm were precessed in batch mode using APTEC SUPERVI’SOR to 1de1mfy mdmdua! enerzy |
‘peaks and determine count rates. Post-run vetification spectra were used to-determine the energyand.
‘resolution calibration for processing the data using APTEC SUPERVISOR. Concenttations were calculated

spectra: wete within the acceptance cnhena forthe ﬁeld venficauon of the Gamma IC loggmg system L

in EXCEL {source files: GZEMar03.xls and G1CApr03). Zero reference was the top of the 6-in, casmg On .. '

the basis ofLedgerwood (1993), the' casing confignration was assumed to be a string of 8-in. casing witha

thickneéss of'0.322 in; to 60 f1, a string of 6-iti. casmgw:th a thickness of 0.344 in. 10 168 ft, and open-hale

‘below 168 £, The'8-in. casmg thickness of 0322 in. is the published value for ASTM schedule-40 steel -

plpe (a commcmly used casing material at Hanford}. Where more than one casmg existgat a depth, the

-casing correction is additive (e.g., the correction for both the 8-in. and 6-in. Casing would be 0.322 in.+

0,344 in. = 0.666 in.): Awatercorrectlonwasnotnwded orapphedtothedata

Using the SGLS, dcad timg greater than 40, percent was’ enoountered inthe mterval ﬁom 21 tu 26 ft, and
data from this region were considered unreliable. At SGLS dead time greater than 40 percent, peak -

spreading and pulse pile-up effects may result in underestimation of activities. This effect i§ not enfirely .

corrected by the dead time correction, and the extent of error increases with increasing dead time. SGLS
dead time corrections were applied when dead time: surpassed. 10 percent. The HRLS was uh]lzed 1o obtain

_data where the SGLS dead time exceeded 40 percent.

Lng Plot Notes'

: Separaa:e 10 plots are prov:ded for gross gamma and dead time, naturaily occurring sadiomuclides K, :
8, 4nd P Th), and man-made tfadiomuclides. Plots of the repeat logs versus the original logs are included. -

In additmn, a comparigon-log plot of man-made radioniclides is provided to' compare the data collecied by

: W&stmghouse Hanford Company’s Radionnclide Logging System (RLS) with SGLS data. For each

radionuclide, the energy vaiue of the spech‘al peak used for quantification is indicated. Unless' oﬁzemse

noted, all radionuclides are plotted in. picocuries per gram(pCi/g). The open circles indicate the minimmm

detectable Tevél (MDL) for each radionuclide. Exror bats on each plot represent error. associated with
counting statistics onty and do not. include errors associated with the inverse efficiency fuaction, dead timie
correction, or casing correction. These errors are discussed in the calibration report. A combination plotis. -
also included to facilitate correlation. The 2“Bi peak at 1764 keV was used to detersitie the naturally. -
occurring **U concentrations on the combinatiori plot. rather than the 21431 peak at 609 keV' because 1t is
legs affected by the presenoe of radon in the borehole. . _ .

R&sults and Intex_'pretations.

1375, 2] (based on the 186—keV photopeak), and **U {based on the 1001-keV photepeak) were the man-
made radionuclides detected in this borehole. ™'Cs was detected in the interval from 17 to 61 fi with
concentrations ranging from 0.3 to 8,400 pCi/g. The maximum concentration-of *’Cs was measured at
25t ¥'Cs was detected ata depth of 12 f-with a conceniration nearthe MDL {02 pCifg). **U was

Page 3



. detectedmthe mtetvalsﬁ'om i7to 20&,29«)31 ﬂ,37t053 ﬂ,andﬁl to 81 ftwlthanMDLofat least
. 10 pCi/g. In the interval from 17 to 20-&, ®*U was detected with concentrations ranging from 55 0"
* 330 pCi/g. In the interval from 29-to 31 fi, ***Uwas detected with coricenitrations ranging from 20 to -
30 pCi/g. In the interval from 37 fo 53 fi, **U was detected with coricenirations ranging from Vo

. 75 pCi/g. U was detected in the interval from 61-to 81 ft with concentrations ranging from 1710 . ..+ -~

335 pCi/g: The maximum concenitration of **U was measured at 76 ft, although the highest concentration '

may be in the interval of high dead time where the MDL signiificantly increases. 2*U was detected inthe | s

. intervals from 18 to 19 1, 68 to 81 i, and at 44 ft with an MDL of at least 1.5 pCi/g. 2°U concentrations. -
ranged front 6 to9pC at 18 and 19 ft. In the iriterval from 68 thmugh 81 ft, U concentrations ranged -
from 1:810 22 pCl/g was'detected at a depth of 44 ft with a conéentration of S pCi/g. Tt is probable. = -
that 25U exists in the same intervals.as the U (based onthe 1801-keV photopeak), but the U

. concentration falis below its respectwe MDL. - ¢

" The behavior of the natura]]y occumng zssU Eog (measnred by uépy suggests that radon may be present o

inside the borehole caging. Determination of U is baséd on measuremient of gammia activity at 609 and/or : -

1764 keV associated with *Bi, under the assumption of secular equilibrium in the decay chain, . However,

B is also a short-term daughter of ““Rn. When rador is present, *Bi will tend to “plate” onto.the casing -
wall and will qulckly reach equilibrium with ?Rn. Because the additional **Bi resulting from fadonison .

the inside of the casing, the effect of the casing cotrection is 10 amplify the 500 photopeak relative to the o
1764 photopeak (The magmtude of the casing correction factor decreases withi mcreasmg energy; but - ] '_-
garmarays originating inside the casmg are not attenuated;) The reason for variations in radon content o

- betweet: log ruis on successive days is not known. ‘Variations in radon content in boreholes are probably

" related to varjations in‘surface weather conditigns. Radon daughters such as 2B; iy also “plate” onto the i

sonde itself. When this occurs, there is 'a gradual increase in total counts as well as photopeak counts
associated with 2B and 21"Pb This phenomenon appears:to best explain the observed dlscrepancy in; 2’U
~values based: on 609 keV versus those based on 1764 keV. hetween 82 and 44 ft

Thic presence of radon is not an lndlcatlon of man-made contammatmn it is derived from decay of YRR
naturally occurring wanivm. Asa gas, radon moves easliy in. the subsurfaoe, and concentlattons of radon e
and its assoclated progeny can change qmckly : _ .

The plots of the repeat logs demonstrate reasonable repea:abmty of the HRLS and SGLS data, mCs
(662-keV) concentrations are coinparable between the repeat and original HRLS log runs. Taking into

account the effeots of radon, the plots of the repeat logs demonstrate reasonable repeatability of the SGLS '

data for the man-made radionuclides and natural radlonuchdes at energy levels of 186, 662, 1001, 1461
1764 and 2614 keV.

Recoghizable changes in the KUT logs éccurred in this borehole A gradual increase of approximately

8 pCifg in apparent “K concentrations occurs between 30.and 62 . Above 20 ft, ’K concentrations-are
relativel ly. low, which indicates the surface seal of grout arotind the borshole reported by Ledgerwood - -
{1993). “?Th concentrations increase by 0.5 pCi/g at 19 &, The'increase in K and #?Th concenh‘atxmrs at
37 ft may correspond w:th the sﬂt layer 1dent1ﬁed at 37fin the geologrst’s log (Ledgerwood 1993}

Companson log plots of data cotlected in 1991 by Wesunghouse Hanford Company andin 2003 by Stoﬂer i
are included. The 1991 concentration data for "*'Cs are decayed to the date of the HRLS logging eventin
June 2003 and shifted from a ground level reference to:a TOC reference: The RLS tool saturdted in the

interval from 21 to 27 ft. On the 2003 logs, the apparent 197 condentrations are as predicted by decay

alone when cofripared to the 1991 log except for the depths of 138, 148, 164, and 166 fi: The Teport written - -

at the tiine of the 1991 KLS logging event reported that no man-made radmnucixdcs were detected below
© 80 ft. Comparing the two ]oggmg events, the ****UJ concentrations based on the RLS appeax shghtly
higher than the SGLS. ‘ ] . .

- Becatse of the presence of B2 4 the vadose: 20ne, itis recommended that this borehole be fogged
periodically to verify that changes in =% gU concentratmns atenot occumng The mtcr\ral ftom grou'nd
sm'face i tota] depth should be Iogged agam 1n 5 years ‘

' -'Page_4_-_'
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Ledgerwood, R.K., 1993. Summaries of Well Construction Data and Field Observations for Existing 200-
West Resource Protection Wells, WHC-SD-ER-TI-005, Rev. 0, Westinghouse Hanford Company,
Richland, Washington.

! GWL - groundwater level

2TOC - top of casing

* HWIS - Hanford Well Information System
* N/A - not applicable
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Man-Made Radionuclides
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*Th (2614 keV)

299-W22-75 (A7879)
Natural Gamma Logs
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Natural Gamma Logs
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299-W22-75 (A7879) Combination Plot
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299-W22-75 (A7879) Combination Plot
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Rerun of Man-Made Radionuclides

299-W22-75 (A7879)
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RLS Data Compared to SGLS Data
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299-W22-75 (A7879)

RLS Data Compared to SGLS Data
U-238 (1001 keV)
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Appendix C

Groundwater Trend Plots of Selected
Constituents at the 216-U-12 Crib






Appendix C

Groundwater Trend Plots of Selected
Constituents at the 216-U-12 Crib

The trend plots in this appendix are for constituents that were listed in Table 1. It should be noted
that: (1) for filtered chromium, analyses conducted during the period from September 1991to July 1993,
the detection limit was 20 ug/L; (2) for filtered arsenic, analyses conducted during the period from
September 1991 to March 1993, the detection limit was 5 png/L; and (3) strontium-90 results were not
plotted because all of the analyses were non-detects.
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